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EXECUTIVE SMMY

The general medical term "trauma" is a simple six-letter word that is

capable of conjuring up almost as many dreadful scenarios as there are

individuals. The direct and ancillary effects of traumatic circumstances

are staggering to comprehend. Trauma includes both accidental and inten-

tional injuries, and it is the principal cause of death in Americans
between the ages of I and 39 years. In 1982 alone, 165,000 trauma deaths

occurred. The economic impact of trauma was more than $88 billion in

1980. Simple word? Yes. Tragic? Yes. Wide reaching and expensive?

Yes.

Deaths due to trauma have been noted as presenting a trimodal distri-

bution pattern. The first peak has been characterized as "immediate
death," represeT.zing persons who die very soon after injury. These deaths

are typically caused by lacerations of the br :.n or brain stem, upper

spinal cord, heart, or one or more of the major blood vessels. The second

peak, "early deaths," represents that segment of the population who die .

within a few hours of the injury, typically due to major internal hem-

orrhages and/or severe blood loss. The third peak is. characterized by

patients that die days or weeks after the ori',nal injury. In 80% of

these late deaths, the cause is infection and/ci multiple organ failure.

This area may be one of .he few in which interdiction is possible, and it

is, in all likelihood, where our efforts should be applied.

The First International Symposium on the Pathophysiology of Combined

Injury and Trauma has brought together the diverse backgrounds oF over 100

physicians and scientists to focus on the complex problems engendered by

injuries of a combined nature. It may be possible to develop a holistic

approach to the management and therapy of combined injuries by marshalling

the many talents of these investigators.

In the Symposium, speakers and discussants attempted to define

derangements in homeostasis following polytrauma, incl,,ding radiation

injury. Different types of trauma were examined for pathogenic
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commonality. Potential methodologies that were Identified and examined

included technical surgical problems and imunologic and biochemical

alterations. These factors apparently predispose the patient to

N devastating Infectious complications during the posttrauwa period. K

Trauma is a recognized fact of life in our highly industrialized and

technical society. A pervasive problem in our nuclear era is the possi-

'C' bilty of nuclear disaster. Such an event could produce injuries of a

nature and scale almost too horrible to contemplate. However, they must

S b be contemplated, and we as 'physicians and scientists must be ready, even

while making every effort to reduce the likelihood of that event.

S3 ERY IN COMSINED hNRJl

The chance of survival for a patient increases with the speed at which

i% "he is moved to a definitive care facility for further treatment. In spite

* of rapid treatment, sepsis and multiple organ failure often occur as late

i consequences of severe injury. The importance of debridement and wound
I... closure in traumatic injury has been demonstrated experimentally in mice

by Messerschmidt, who found that closure of a sublethal wound in mice ?

given minimally lethal radiation doses reduced mortality from 90% to 18%.

Whole-body Irradiation (LD5o/ 3 O) Is not a contraindication for intes-

tinal or retroperitoneal surgery if the surgery is carried out at the end

of the period of acute radiation sickness. Early excision grafts are

recommended in irradiated and burned subjects. It appears that suraical

corrections should be performed within the first 48 hours, and elective

procedures should be postponed until later In the convalescent period

(i.e., 2-3 months).

ino sugclaesi h obndij rpint Ireasedl of ertiy.Good trauma management necessitates the rapid reoval of necrotic

tissue and then wound closure. Wound closure is one of the most challeng-

ig of surgical areas in the combined-lnjury patient. Increased mortality
~occurs in the absence of wound closure. The problem appears to be that l

4



any anticipated surgery must be performed within a very narrow time frame

after injury. Conversely, we have learned only too well that closing

contaminated wounds will have lethal consequences.

Many questions remain for future research consideration. Among them

are: Should an effort be made at splenic repair rather than extirpation? V

What is the effectiveness of healing in a site of anastomosis after

irradiation? Will different types of dressings or wound covers be more

advantageous? Are there other methodologies that may be used in debride-

ment procedures? Burn management in combined-injury patients is in itself

a formidable task. Mass-casualty situations will present unique problems

in which accuracy of triage is essential. Patients with third-degree

burns in excess of 40% of the body surface area or total burns in excess

of 60% of the body surface area require massive support. Ringer's lactate

is recommended as the resuscitation fluid in patients having less than a

* 60% body-surface burn. Combined-injury situations in which radiation is

involved present a very different picture. Survival is difficult in

patients with 30% body burns coupled with radiation. That is why triage

and personal dosimetry are vitally important with radiation casualties.

,Any contemplated dosimetry system for personnel must be simple, self-

reading, and issued to everyone. A patient whose dosimetry shows survival

potential should begin receiving treatmtnt that has been adapted for inl-

tiation by untrained personnel, if neces;ary.

The British Falkland Island crisis demonstrated very low mortality

rates and on'y limited infections in 730 patients. This maybe due to the

use of early surgery and antimicrobial agents. Patients were given pro-

phylactic dr es of penicillin and tetanus toxoid, and wounds and burns

were excised early and covered with dressings and silver sulfadiazine.

Resuscitation fluid, when required, was Hartman's solution (I liter)

followed by the administraLin of colloid.

Renal failure often occurs with ische-.a-induced trauma. This is due

to an increased concentration of mitochnndrial calcium. It may be pre-

'" vented by calcium blockers such as verapamil.

i s 5



Nu.tritional support is essential for effective recovery in the injuredIpatient. Some attention was given to these nutritional effects by parti-
cipants of the meeting. However, it is bvious that future meetings

should exauine-more fully the multifaceted aspects of nutritional support.

Combned inuries are associated with changes in levels or activities

of many substances, including acute-phase proteins, iuuunosuppressive
factors, Prostaglandins, and coagulation factors. te reticuloendothelial

system (RES) may be a common Pathway in different, forms of circulatory

shock and trauma, and it may explain similar host responses. Macrophages
and endothelial cells are known to be major sources of. mediator molecules.
The pharmacologic manipulation of these cellular systems represents a

possible therapeutic opportunity, which remains to be exploited.,

IWECTON

Antimicrobial agents have had limited impact ant Gram-negative infec-
tion. Because of their limited impact, new approaches areoneeded for the

effective management of complications concomitantt with states of infec-
tion. Passive inuunotherapy is one promising approach to the, control of
infection. Antiserum against core glycolipid of the 35'mutant of E.
coli, coimmon to many Gram-negative organism, gives some protection
against subsequent challenge with other Gram-negative organisms. Specific

4

monoclonal antibodies directed against exotoxin A of Pseudomonas

aeruginosa is known to enhance survivability in a marine burn model.

Identification of the effector an" mediator molecules of 1iuno-
supreesion and shock associated with infec eon are much needed. Treatment
of patients could then include the administratin of pharmacologic agents -

to regulate mediator sustances. Other promising agents include CdlCiUM

channel-blocking agents, antibiotics, and m onsteroidal antiiflaatory

drugs.

6



Survival from shock has been noted as paralleling progressively

improving RES phagocytic indices. For that reason, modulation of the RES

system may be a worthwhile pursuit. Various natural and synthetic immuno-

modulators, now available, may prove useful for stimulating the RES.

Immunomodulatory agents may not demonstrate the resistance problem partic-

ularly associated with antibiotics, since they are broad-spectrum.

Prevention of the abnormal colonization of mucosal surfaces of immuno-

suppressed hosts by opportunistic pathogens may significantly reduce

infectious complications posttrauma. One of the most promising means now

available for controlling colonization is the use of selective decontami-

nation procedures. Selective decontamination uses poorly absorbed anti-

biotics to preserve anaerobic flora but eliminate potential pathogens.

When systemic infection does occur, it is usually due to a mixture of

organisms. Therefore it is advantageous to develop synergistic antimicro-

bial combinations to be directed against all components of mixed infec-

tions.

The low incidence of infections in patients injured in the Falklands

crisis may be due t the fact that they were maintained in newly commis-

sioned hospital ships. Nosocomial agents were either absent or were in

extremely low concentrations. Our meetings in the future should consider

how these conditions may affect the ultimate outcome of the patient.

USE OF BLOOD PRODUCTS

Fibronectin is purported to increase RES function and protect vascular

beds. Decreased levels of fibronectin have been noted in instances of

trauma. However, the significance of fibronectin to the well-being of the

septic/trauma patient remains to be investigated.

Serum from burn patients is known to contain factors that are toxic to

cellular functions. The technique of plasmapheresis has been used for

this reason, and it has resulted in marked improvements in a number of

patients. It too appears to be a technique deserving of more study.

7



Blood products and resuscitative solutions ,e vitally amportat in

the treatment of shock patients. Red blood clbt in combination with

crystalloid/colToid solutions have produced satisfactory responses in some

shock patients. Platelet concentrates and fresh frozen plasma: have also "..

shown results worthy of further investigation. Iafusion of hematopoietic

stem cell fractions may also prove to be of valve. The goal is to have

supplies of these frozen blood components readily available at central

blood banks to supplement supplies of fresh blood, for, use in emergency

situations.

N)LSYSTEMS FOR MWJD

It is imperative for correct models to be selected for the questions

being asked. No system can be considered to be exactly similar to human

systems, and because human studies are so limited, the appropriate animal

models must be selected.

Better animal models for infection need to be developed. Rather than

challenging healthy animals with massive doses of bacteria, compromised -

models are needed In which infection can be initiated with a small amount

of inoculum, resulting in progressive infection. One such model, which is

very promising, uses a plasma clot that contains bacteria; it Is inserted

into canines to mimic a progressively lethal Infection. Similarly, rodent -4

burn and radiation models have been established that may offer- 'realistic
models for the study of infections in an immunocouomw ised host.

8
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KEYNOTE ADDRESS: FIRST INTERNATIONAL SYL.I".
O COININED IUJURY TRADMA

BACKGMOI: THE PRESSING NEED FOR NEW KNOiI.EDGE ON RADIATION IiltUY WITH,
PHYSICAL 1 "A"-

FRANCIS 0..

lIseley Professor of Surgery, Emeritus, Harvard Medical School;
Sureon-in-Chief, Emeritus, Peter Bent Brigham Hospital;
Consultant in Surgical Oncology, Emeritus, Dana-Farber Cancer Institute
Boston, Massachusetts

INTRODI1CTIO"

The care of military and civilian casualties in the wars of the past

century has defined new problems in pathophysiology, surgery, and medicine.

These new problems have demanded new solutions. And in almst every case,

these new solutions have reacted to the benefit of humanity throughout the

world. New understandings of changes in the human body produced by various

forms of injury have resulted in improved treatment of a whole variety of human

illnesses. In addition, and rather unexpectedly, many of these advances have

involved the development of wholly new concepts and methods in the biosciences.

This type of advance, occurring in conjunction with military casualties,

has often given the erroneous impression to amateur historians that "surgical

advance thrives on war." Nothina could he further from the case. It is merely

that the accumulation of pressing problems in one place and at oe time results

in, the pressures that drives human ingenuity: "Necessity is the mother of

invention." Civilian disasters, be they earthquakes, fires, or explosions,

have often resulted in the same sort of remarkable breakthrouchs. It would be

a shame if anyone hearing of this Conference were to get the wrongful idea that

biomediral advances arising from massive nuclear warfare would in any sense

counterbalance the human and global disasters resulting from such an

occurrence.

The history of new advances arising from the recognition of new patterns

of injury need not be belabored for a well-informed ?udience such as this.

...... ......... .............. ............



It was Bywaters, during the London blitz, who perceived that after the

weight was removed from seriously crushed limbs, individuals developed renal

failure. "The crush syndrome" became the model upon which all of our early

knowledge of post-traumatic renal failure (later called lower nephron

nephrosis) was built. It is an amusing irony of history that it was the

lifting of weight from crushed limbs that led Walter Cannon (in World War I) to

the conclusion that fluid loss in injured tissue was at the basis of the then

newly recognized syndrome of "shock."

Willem Kolff, working under the very eyes of the Nazis in the Netherlands,

at about the same time that Pywaters was making his observations on renal

failure, was developing a dialysis machine based on winding sausage casing on

old tomato cans, a machine destined to save the life of thousands of people

with post-traumatic renal insufficiency over the next few decades. This

artificial kidney, as we understand so clearly now, was to become the leading

alternative to kidney transplantation for patients with end-stage renal failure

throughout the world.

Transplantation itself received a remarkable boost during World War II.

Under the pressure of severely burned air force pilots, the British government

undertook new research on methods of skin graft covering in burns. Gibson, an

accomplished plastic surgeon in Glasgow, sought the help of a brilliant young

biologist named Peter Medawar. The two of them published their first paper on

skin homograft survival and clearly described the "second set" response. If a

skin graft from one donor is placed on a recipient, it is rejected after a few

days. If a second set of grafts is then taken from the same donor and put on

the same recipient, it is rejected much more rapidly. Often the brilliance of

a biologist is his ability to recognize in an unexpected finding the

quintessential model of an important response.

Peter Medawar, later to be knighted for this work and to receive the N!obel

Prize, recognized in the- "second set" response an immunologic model for the

study of immunogenetics and histocompatibility. From that knowledge came

kidney transplantation as we know it today, but most importantly, came a

tremendous explosion in the biochemistry of molecular genetics and molecular

immunology.
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Although shock was extensively studied in World War I and between the

wars, it was its much clearer definition at the time of World War 11 that led

Professor E. J. Cohn to start fractionating blood. His discovery that alcohol

precipitation would allow him to fractionate human plasm without denaturing

the protein, was a major advance of this century. Although concentrated human

albumin saved many lives in World War II, it has almost disappeared from the

scene save ftr occasional usage in liver failure. And yet, whentanyone asks me

about it, I cannot help but tell them the wonderful story of the day that I was

having lunch with Professor Cohn. I was only a lowly research fellow at, the-

time, and the data came in showing that each gram of concentrated albumin

pulled Into the circulation was exactly the amount of fluid that he had

predicted from the differential osmotic pressure. At that moment Professor

Cohn realized that concentrated albumin,, hanging in a little vial from the belt

of a corpsman, could do the work of five times its volume of plasm. From this

work also came fibrin foam, fibrinogen, the clotting. factors, and then later

the separation of platelets,, white cells, immnune globulins, and a whole. bevy of
important functions from either whole blood or plasma. Another amusing story

of the era was a meeting of the National Pesearch Council held in Washington
in about 1945, where a distinguished professor reported that after many months L_--
of work, he had found, that red cells were best suspended, and survived best,

when all of the known. fractions of plasma were added to the mixture! I am sure

that someone with an evolutionary turn of mind might have said, "Well, blood

evolved that way; why did you have to waste so much time rediscovering it?"

The first use of chlorine gas as a mass toxin was carried out at Ypres in

Belgium in 1915. It produced an exudative bronchopulmonary secretory response

that resulted in flooding of the lung with body fluids and death in severe

cases. At the time, not much could be made of this, and no treatment could be

evolved. The gas mask was made available and became standard equipment. It is

another historical irony of this century that the lesson of how to hdndle low

pressure pulmonary edema was not really learned for another 40 years, and that .

even today, we are not sure how best to adjust respiratory assistance apparatus

for this type of exudative response. But the response was recognized. And at

several civilian disasters (the Coconut Grove Fire in Boston in 1942 being a

spectacular example), pathologists recognized changes in the lungs of those who

died in the fire (and were totally unburned) as showing the exudative changes
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of poisoning during World War I. It is also a remarkable fact of this century

that poison gas was not used at all in World War I1; its use was either zero or

so localized as to have attracted no historical attention. In ot,; anxiety to
avoid an exchange of nuclear weapons in some future conflict, we should try to

understand the military decision-making process and the political pressures

that avoided the use of gas in World War II, when it had been one of the most
terrifying weapons of World War . -.

The development of the submarine might never have been considered to have

anything to do 'with pulmonary function. But it was the deep water submarine

tank at the Naval Research Institute that led Otto Behnke to his Qravimetric

methods of analyzing body composition, and then later long series of studies

(many of them carried out at the submarine bases at New London and Groton,

Connecticut) on pulmonary physiology. The particular challenges of sudden.

changes in pressure in the airway were felt by the submariners just as they
were also felt on explosive decompression during air warfare.

The development of vascular surgery must be added to this list. The

extensive vascular surgery of World War II, so carefully analyzed by Dr.
a1

DeBakey and his colleagues, would now be regarded as primitive. Direct

replacement of arteries by homografts, allografts, and prostheses came along

within months of the end of World War II. By 1950, Professor Charles Rob, at

Saint Mary's Hospital in London, had dozens of patients with aortic replace-
ment. Direct replacement of arteries and veins formed major surgical advances .

that were useful to patients throughout the world, and of course they were of

major military application in the conflicts of Korea ond Vietnam.

MIXED RADIOBIOLOGIC AND PHYSICAL INJURY

The foregoing account of past achievements could be expanded historically,

but we are on the verge of a new challenge, and it is certainly more

appropriate to look to the future than the past, especially for a seminar such

as this.
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Mixed radiobiologic and physical injury has been seen on a grand scale

only twice in the history of our planet: in Hiroshima and Nagasaki. post of

the data developed from those episodes were brought together by the Atomic Bomb

Casualty Commission of the U.S.A. in collaboration with the Japanese, and later'

were taken over with increasing authority by the Japanese themselves. Most of

the information deals with late effects. Data on early management are very

scarce largely because early medical management was almost non-existent. The

hospitals and othor medical facilities of both cities were destroyed, and many

of the physicians were killed by the initial explosions.

Much has been made of these devastating effects in a medical context. One

school holds them up as an example to the wnld, demonstrating that atomic -1

warfare should never occur again, a point of view with which. few could

disagree, whatever its predictive significance. -

Others have drawn a different conclusion, namely that if an individual

could protect himself or herself from blast heat and radiation by a shallow

earth shelter and minor coverage, injury would be avoided. This view, together

with massive relocation of population, is, in my opinion, equally unrealistic.

The exact timing of an attack or an explosion is never known for sure. Exactly

when are you to dig your grave and lie in it? The massive relocation of people

neglects completely the problems of food, water, sewage, civilian crime, and

municipal organization. It also neglects the fact that in the outer perimeter

of the blasts at Hiroshima and lMacasaki, the people who were least injured were

those who were deep in cellars or in their own homes, protected at the margin

of blast and radiation injury by the very structures that they would be forced
to leave if relocation had been the policy.

Despite the limitation of our knowledge from those two episodes, their

further study and computer projections of blast and radiation effects are of

basic importance to the mission of this meeting, although in a logistical sense

rather then physiological.

On a microscale, combined radiobiological and physical injury has been

seen in two categorical circumstances since 1945. The first of these is- the

occasional radiation accident. Most of these have been incidental to the
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management of atomic fuels and fission energy, usually in an industrial or

manufacturing center, and usually of the atomic pile variety rather than a

cyclotron or an exposion. These industrial accidents have been important

experiences, and will doubtless be reviewed at this meeting. The lessons of

Three Mile Island and the nuclear industry are yet to be learned.

The second category have been those in which whole-body irradiation has

been given intentionally, either as a feature of the treatment of lymphoma,

leukemia, and Hodgkin's disease, or as a preparation for the transplantation of

kidneys, liver or bone marrow. In the former instance (that is, the use of

whole-body irradiation or at the very least, widespread bodily radiation in the

treatment of lymphoma), many effects have been seen that have been helpful and

valuable in understanding radiobiologic injury and its combination with

physical trauma. However, in the kidney transplant and bone marrow transplant

setting, a surgical procedure that is very major in the former and rather minor

in the latter, has sometimes been superimposed upon radiation at a varying time

interval. Speaking from my own experience, it was this combination of whole-

body irradiation with the surgery required for kidney transplantation, that

first alerted me to the biological challenge imposed by the combination. Our

patients were few in number. Whole-body irradiation was given in a very simple

geometrical arrangement. The radiation dose was loosely calculated without the

accurate measurements available today. The dosages were between 300 and 800

rads given in either one, two, or three sittings.

The operative procedure for transplantation occurred within a matter of

days after the radiotherapy. The original concept was that the valley of

immunosuppression due to radiation might coincide roughly with the predicted

first rejection episode of the kidney, and that the improvement in kidney

function would help the patient "weather through" the second wave of radiation

injury consisting of bone marrow suppression.

To the extent that kidney rejection was abated by radiotherapy, the effect

was reasonably successful. As you probably know, other experiments were

carried out and have been since, in which the local kidney or other specific

anatomical regions (specifically those involved with lymph nodes) have been
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radiated, with less drastic systemic effects. However, whole-body irradiation

then proceeded to take its disastrous toll, and over the course of the next

days, weeks, or months, the patient began to pay the price of this massive

continuing injury.

In one patient, success was achieved. The whole-body irradiation dose was

a little less than the others, estimated at 450 reds. The dnnor was closely . -.

related, a fraternal twin. Although this genetic similarity would favor

acceptance of the transplant (although it would fail. to guarantee it as in

identical twins), it would have little effect on the severity of the -

irradiation-induced illness. By whatever combination of surgical care and good

luck, success was achieved despite the awesome combination of whole-body

irradiation and a major orc'tion.

Death was due in all cases to a terminal infection. We have long since

learned to recognize in critical care medicine and in severely injured patients

that the terminal infection that finally carries the patient off should not in

any sense be regarded as the proximate cause of death. The problem always is

one of antecedents: Why is the infection there, and what makes the patient

prone to the infection? The mere diagnosis of "multiple organ failure" tells

us absolutely nothing. The question is, "What has gone wrong with the immune

defenses or the biochemical feedback regulators that normally govern the body?"

The decline in formed elements of the blood was obvious. Less apparent

were the subtle changes in immune function, many of which could not be measured

or quantified in 1956 with the elegance that they are now, almost 30 years

later. Without trying to reconstruct these cases in detail, the fact remains

that a breakdown in immunity and an apparent defect in healing as well as a -

tendency to very early deterioration in lung and liver function, could

certainly not be abated by the rapidly improving kidney function, even though

the patient had chronic renal failure. Whole-body irradiation has been used

since that time for a number of different purposes. The very large fields used

in the treatment of Hodgkin's disease cannot be equated with massive whole-body

irradiation, even though there are doubtless many changes in common. The use

of whole-body irradiation for bone marrow transplantation with or without

immunosuppressive drugs always supplies a model.
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CIVILIAN AND MILITARY PROJECTIONS AND SEMTINGS

This Conference has been called to review not only the known effects, but

the development of suitable laboratory models for the study of combined injury

of this type. The pathophysiologic scope of the problem is evident from the

program of this Conference, and to review it further here would be redundant.

From what little we kncw, civilian settings of combined radiobiological

and physical injury are chiefly confined to workers in the nuclear energy

field, or, in the case of a nuclear energy industrial plant disaster, some of

the local residents of the area. A second possible vulnerable group would be .

those engaged in the production, management, deployment, transportation,

maintenance, or supervision of nuclear missiles, particularly those involving

the element plutonium.

From the military side, others here today can predict the setting far

better than I. It seems superficially evident that we should consider as

distinct the settings and epidemiology of combined injury on the battlefield;

tactical situations where geographical scope might be limited, and the nature

of the radiation might in some cases be almost monovalent, consisting, for

example, largely of neutrons. Whatever the details there will be a central

core of hopeless injury, an outer periphery of readily salvaged persons, and a

critical torus, or doughnut shaped, zone, where injury is very severe, often -

combined, and survival unlikely, but conceivable. It is to that group of

patients that this Conference is particularly directed.

In the event of the ultimate intercontinental ballistic missile

catastrophe that we all apprehend, should there be a major would conflict

involving nuclear exchanges, there will be far more destruction. But we will

be faced with the same triphasic zone arrangement of an inner lethal area, an

outer fringe of salvageability, and a torus of medical challenge. We will have

the additional problem, possibly not so evident in the battlefield situation,

that the medical facilities of the area will be largely destrovpd. Therefore,

somewhere down the line, we are going to be thinkiro about first aid or

measures that might be taken by unskilled personnel, self-help and public

education.,
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It is a tribute to the Department of Defense and to the preparedness plans

of our nation that this Conference has been called. There are many pessimists,

activists, and propogandists who feel that a Conference of this type, somehow

by its very nature, admits the possibility of and therefore encourages atomic -

warfare. I could not disagree more wholeheartedly with such a fMadison Avenue

or media view. It is our job to look after the sick and injured, either of the

military or civilian populations, and of all ages and all occupations or

degrees of vulnerability, whatever the public relations impact my be. We must __

.7 do our job even if people say it is misleading to indicate its necessity. If
some say that a conference such as this invites nuclear war, then we are

entitled to ask if the writings of Ambroise Pare brought on the Invention of

*dynamite. In the words of the Prophet, let us "Hew to the line, let the chips

fall where they may."
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INTROOGUCTION P..

r% Combined injury (multiple trauma, thermal burn, radiation) is *a major
L,) medical problem in both clinical practice and military medicine. Trauma is

the chief cause of death In people less than 38 years old, accounting for more

than 150,000 deaths in 1980. The overall death rate for young American adults
is far greater than most other modern western countries. The social cost of

a. the death of these young productive persons is enormous. What is most tragic

is that optimal trauma treatmnent could prevent at least half of those deaths.
The American College of Surgeons Committee on Trauma has~presented guidelines

S for optiial care, which can be summarizee as getting the right patient to the

right hospital at the right time. 1  Many of the lessons learned on the battle-

field were used in developing these guidelines. -

The increased utilization of radioisotopes and radiation devices in

industry, science, and medicine necessitates their transport via highways,

rail systems, or air transport. The possibility exists that any of these

systems may become involved in an accident and result in casualties with a

combined injury (radiation and trauma). Radiation-induced injuries' can be a

more serious clinical problem when a larger number of casualties 'is involved

or when a combined injury is present. Instability in world politics and the

marked proliferation of nuclear weapons have increased the probability that
health professionals will have to treit combined injuries.

A recent report notes that the Nuclear Emorqency Search Team has

responded to many threats from terrorists and extortionists since 1976.2 By

the end of this decade, aooroximately 30 countries will have nuclear weapons.

The medical connunity must be prepared to treat radiation casualties
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regardless of whether caused by a radiation device, medical misadventure, -

reactor accident, terrorist team, or third-world power exercising its nuclear •

capability.

t ha b S years since the problem of combined injuries has been
reviewed.A Since then a great deal has been learned about the pathophysiology V4

of combined injuries. This proceedings will review the mechanisms in combined
injuries, sepsis, immunological and inflamatory responses, surgery and wound
healing, and therapy. This paper will briefly review experimental data on
combined injury, and try to provide an overview of the primary pathologic pro-

cesses causing death in trauma, radiation, and combined injuries. Other
papers in this proceedings will definitively' describe specific aspects in

pathogenesis. -

RADIATION INJURY

The acute radiation syndrome is normally divided into four phases:
prodrome, latent, manifest Illness, and recovery. The prodme, which begins
within hours of exposure, is an initial toxic period. The effects are
probably due to acute radlonecrosis, with the release of vasoactive substances
and other neurohumral agents causing systemic manifestations. Signs and
symptoms include anorexia, nausea, vomiting, diarrhea, intestinal cramps,

salivation, and dehydration produced by the gastrointestinal system. Fatigue,
apathy, sweating, fever, headache, and hypotension followed by cardiovascular

shock may be produced by the neurovascular system. A subsequent pancytopenia
may result, which causes a profound Itmmunoparalysis and susceptibility to
infection and hemorrhage.

Radiation Injuries in the future may include the hazards associated with
transport and use of radioactive material in peacetime or the comuination of

nuclear weapons with chemical, biological, or conventional warfare. The

biological effects induced by these combined injuries will markedly increase

the casualty burden and will significantly impact the patient's ability to

survive and recover. Patients with conventional trauma and irradiation at
Hiroshima and Nagasaki developed significant complications at 2 to 3 weeks
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after exposure, corresponding to the time of hematopoietic depression. Open
wounds of many patients stopped healing, lacked granulation tissue, and
hemorrhaged. These patients lost weight, and many died of sepsis. While
support systems for the care of the critically ill patient or trauma patient

have increased the chances for survival, it will be difficult to predict at
the time of triage which patients with traumatic injuries will develop
radiation sickness. The prodromal symptoms, which are useful in assessing the
radiation exposure, may be unreliable when occurring in association with con-
ventional trauma. Other than the victims in Hiroshima and Nagasaki, there has
been little experience in the management of radiation injuries and associated

trauma.

The hemopoietic system is very sensitive to radiation. Sublethal doses

can cause significant and immediate reductions in hemopoietic stem cell and
progenitor cell p.,ulations. The consequent decrease in mature functional

cells such as neutrophils, monocytes, and lymphocyte populations occurs within

the first week after exposure. It is during this period that the patient is
at great risk. Those functional cells are necessary to initiate an integrated

cell-mediated response to opportunistic pathogens and/or to complete the
wound-healing process, but they may be reduced to ineffectual levels by
irradiation. This combination of radiation plus trauma produces a unique set

of problems for the traumatologist. In most instances, either the necessity
for emergency surgical procedures or the signs and symptoms associated with
the particular traumatic event, or both, will mask the first reliable
indications of radiation injury. Life-threatening exposure to acute whole-

body irradiation has been so infrequent that strategies for treatment must be
devised from the few actual cases, the experimental animal studies, and the

analogous states of clinical diseases. Regardless of the type of exposure or
contamination, the physician's initial response to a patient with radiation
injury is the life-saving treatment of nonradiation injuries. The first

actions must be the standard emergency medical procedures: Insure that the
patient has an open airway and is ventilated, that adequate perfusion is main-
tained, and that life-threatening hemorrhage has been stopped. It is
essential to remember that radiation injuries are not acutely life threatening
and that traumatic and burn injuries are likely to be more important. Once

22



:,. !'.t ";, "

the patient is stabilized, decontamination may be initiated. ihen feasible,
decontmination may be performed simultaneously with treatment. Assessment of
the radiation injury, including time of exposure, total dose,. and whole-body
or partial-body exposure, can then proceed. All available informtion must be
gathered in order to aid the physician in determining secondary care due to
radiation-induced aplasia and rotential imune suppression.

C~MIED 1"W A 11M

Trauma elicits a predictable physiologic response. However, there are
important specific effects of trauma that significantly alter the patient's
response to both the trauma and the subsequent treatment, which alters. the
risk of complications and the injury-associated mortality. Battlefieid
casualties may result from multiple wounding agents along with the occurrence

of simultaneous burn, blast, radiation, and mechanical trauma. Trauma-
specific effects include the destruction of tissue and the associated
liberation of vasoactive substances from burns, velocity-related tissue

effects of penetrating missiles, pulmonary and gastrointestinal effects of
blast, occult tissue damage secondary to blunt trauma, and gastrointestinal

and hematopoietic effects of radiation injury. Each traumatic injury requires
specific physiologically based resuscitation and wound care in order to
minimize morbidity and mortality.

injuries that are benign by themselves will become lethal when combined
with relatively small doses of whole-body irradiation. This comination pro-
duces a unique set of problems for the physician. In most Instances, the need
for emergency surgical procedures or the signs and symptoms associated with
the particular traumatic event will mask the first reliable indications of
radiation injury. Sheep exposed to a mixed neutron and gama dose of 400 rads
and 1 hour later subjected to a;. abrupt overpressure suffered increased
mortality from 25% to 5()%.4 Messerschmidt has summarized much combined-injury
data; he stated that an open wound markedly increases the chances of
infection, and reconi.ends immediate closure of the wound.5  Open skin wounds

created on the backs of nice 1 to 4 days before irradiation, which increesed
the healing time from 16 to 18 days. When the wounding occurred within 2
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hours of irradiation, healing time increased from 16 to 24 days. This and

other experiments have shown the significant effect of the presence and timing

of irradiation on all components of wound healing. Mortality from radiation

in mice rose from 26% to 90% when combined with open wounds on their backs.

If the wounds were immediately closed, mortality was 18%. 5  This last

observation of mortality (decreasing or remaining unchanged when the wound is

immediately closed) is very important, for it suggests that some mediator or

process is turned off.

Burns associated with radiation cause synergistic increases in mortality.

A contact burn was applied to mice before and after 510 rads whole-body

irradiation. The radiation exposure had a 10% mortality and the contact burn

had a 30% mortality.6  The combination of these injuries resulted in an

increase in mortality to 90%. Brooks et al. 7 showed that as little as 25 rads

increased the mortality in dogs with a burn of 20% body surface area; the

combination of 100 rads irradiation with a burn of 20% body surface area in-

creased mortality from 12% to 75%.

The impact of whole-body irradiation on the healing of a bone fracture is

also impaired. Zemljanoj8 followed callus formation radiographically in

rabbits from which a piece of subperiostial radius had been removed 2 hours

after receiving 800 rads (LD20/30) irradiation. The control-group rabbits

were completely healed by day 32 whereas the irradiated animals did not show

complete healing until 60 days postirradiation.

Early closure of wounds is desired in combined injuries of soft tissue,

but it is not always possible or even then proscribed in most surgical situ-

ations. Normally an open wound is exposed to colonization and possible

systemic sepsis, conventional soft-tissue wounds in the patient with combined

injuries may significantly enhance the development of sepsis. The immuno-

paralysis caused by combined injuries is much more severe than the trauma from

a single injury. The hone marrow stem cells are very sensitive to radiation

and may require more than a month to recover; during this time, the patient's

immune system is dangerously depressed. Ionizing radiation compromises the

patient with respect to his natural defense against exogenous infectious
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agents, endogenous gut-derived bacteria, and their associated toxins. An
early phase of nonspecific cell-mediated resistance plays a vital role in the

first line of defense against bacterial disease.

The major part of early resistance to infection is determined by the
ability of both the circulating and the tissue granulocytes and macrophages to
kill invading microorganisms and to release a variety of immunostimulatory and
hematopoietic factors. Macrophages are relatively radioresistant and survive

for long periods of time in situ. It follows that their function during
periods of leukopenia after radiation injury is important.

Injuries to the abdomen also present many potentially significant
problems in the irradiated patient. Blast overpressure, blunt trauma, and
penetrating wounds are all significant causes of abdominal injury.
Messerschmidt9 evaluated the impact of laparotomy or splenectomy in mice
receiving whole-body irradiation. Radiation with 510 rads alone caused
mortality of 27% whereas the laparotomy or splenectomy alone caused mortality

of about 5%. Splenectomy at 2, 4, or 8 days postirradiation increased the
mortality to 60%, 75% and 85%, respectively. Laparotomy alone combined with
irradiation caused a maximum mortality of 50% when the surgery was performed
on day 8. The role of the spleen in enhancing the ability to resist bacterial
infections has been amply demonstrated in recent years. 10

SEPSIS

Despite the proliferation of antibiotics and the employment of early

definitive surgery, sepsis remains the most frequent cause of complications

and death in patients who survive their injury and initial surgery. A variety

of microbial factors is important in the pathogenesis of sepsis, such as
adherence properties, motility, and production of enzymes and toxins. These

factors have been found to be important in terms of tissue destruction and
systemic invasion. It is importrnt to remember that the presence of
opportunistic pathogens that have selective mechanisms of invasion in the
irradiated host significantly increases the risk of sepsis due to ineffective
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cell-mediated host defense mechanisms. The mature cells responsible for

chemotaxis, phagocytosis, microcidal and mediator functions may be compromised •

by radiation-induced defects.

Sepsis posttrauma has primarily resulted from Gram-negative organisms,

and in the last 10 years, anaerobic organisms have been noted as frequent

pathogens. Shires and Dineen assert that the major determinants of sepsis and

bacterial invasiveness are the degree of injury, magnitude of external

contamination, organism invasiveness, host resistance, and endogenous organism

invasiveness.11

Multiple systems failure is often the final result of severe trauma and

its septic complications. The respiratory distress syndrome was the most fre-

quent life-threatening complication in casualties during the Vietnam War, and

is the most frequent cause of death in severely injured patients who develop S .. A

postresuscitation infections. This complication of trauma an. combined

injuries may occur at any time after injury.

Numerous pathogenic factors have been implicated in the etiology of post- So 4

traumatic pulmonary failure. These include physical injury of the pulmonary

parenchyma by blast or inhalation injury; effects of fluid resuscitation

volume; composition of resuscitation fluids; and liberation of vasoactive

mediators such as histamine, serotonin, and prostaglandins. Immunologic

changes may also alter pulmonary function as a result of activation of comple-

ment, the formation of white cell aggregates, and the liberation of lysosomal

enzymes that damage the capillary endothelium. The frequent association of

respiratory failure with sepsis has focused attention on both the direct and

indirect effects of microorganisms on the lung. Host and microbial factors

that have been implicated in lung injury include microbial enzymes, microbial

toxins (e.g., endotoxin), activation of complement, release of tissue-

destructing enzymes from granulocytes and macrophages, and alpha-2 surface-

binding globulin (fibronectin). _ _ _
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lIMIU OLICA. AM INFLA1MTORY RESPONSES"

Immune defenses are decreased following burn, trauma, and radiation. The
principal sequelae of traumatically induced immnosuppressiom is sepsis. The

immunologic system is divided into the humoral and cell-mediated categories.
Humoral antibodies In conjunction with complement neutralize viral and Lr .

bacterial toxins, opsonize bacteria, and mediate chemotaxis of macrophages and

granulocytes. Cell-mediated immunity is responsible for organ graft

rejection, tumor imunity, and reactions to infectious' agents. The humoral

and cell-mediated immune systems cooperate- in the immune response to foreign
antigens. Grattalocyies are also important to host defense against infection.
These cell! have defective intracellulat killing activity after thermal
trauma. inen the burn wound was covered with autologous skin, the neutrophil
functior, returned to normal.1 2  Severe battle trauma has produced similar
defects in neutrophil function during the first 24 hours after injury.13

The reticuloendothelial system also demonstrates diminished capability

posttrauma. Saba has extensively studied the effects of traum on the reticu-

loendothelial system (RES) and demonstrated markedly decreased phagocytosis as

well as diminished levels of an alpha-2-globulin opsonin (fibronectin).14

Infusion of purified opsonic protein prevents depressed. RES function. In
addition to opsonizing Gram-positive bacteria, fibronectin also helps phago-

cytes clear debris from devitalized tissue, mediates attachment of bacteria to

injured tissue, and mediates platelet activation. 5

The role of the macrophage in cellular immunity and hence its rpponse to .
trauma have been better realized over the last decade. The macrophage is * 4

primarily a secretory cell. It has the capacity to synthesize and release a
staggering array of factors that can mediate, induce, activate, and suppress

specific aspects of the cell-mediated immune and hemopoietic responses to
trauma and sepsis in the normal and irradiated host. It is also a remarkably

efficient phagocytic cell, and has three well defined functions.16  It is

responsible for normal tissue debridement. The macrophage also phagocytizes

microorganisms. Finally, it interacts with the lymphocyte to induce a
response to antigens as well as induce expression of cell-mediated immunity.
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Unlike granulocytes, the macrophage extrudes bacterial protein on its surface

for immunologic processing of the antigen by T lymphocytes (cell-mediated

immunity). When the immune system is activated, a chain of mediators signals

the macrophage and T lymphocyte to activate B lymphocyte conversion into

plasma cells, which produce immunoglobulin against the expressed antiqen.

This elegantly orchestrated system results in a rapid and efficient mechanism

for fighting bacterial invasion.

Depressed humoral and cellular immunity is a serious problem after

traumatic or combined injury. Munster postulated the existence within 24

hours after trauma of a suppressor T cell system activated against other

immune elements, including normal T cells. 17  The net result of this is a

diminished response to infectious challenge, resulting in diminshed cell-

mediated immunity and antibody production. Ninneman et al. showed markedly

diminished cellular immunity and prolonged human skin allograft survival in

severely burned patients.
18

Just as important as increased suppressor T cells is the decrease in

immunoglobulins postirradiation and posttrauma. Immunoglobulins are glyco-

proteins that are produced by B lymphocytes in response to antigenic

challenge. B cells produce five classes of immunoglobulins, the most

important of which are the IgG, IgM, and IgA. IgG is the most important

because it is the opsonizing antibody for most Gram-negative and Gram-positive

organisms. Decreases in all serum antibodies have been reported in burn

patients.19  Antibodies not only opsonize antigens but also initiate the

fixation and activation of complement.

The classical and alternate complement pathways involve discrete proteins

present in all normal serum. These proteins interact in a precise sequence to

elaborate biological activities that may augment host defense or injure host

tissues. The classical complement pathway is activated by antigen-antibody

complexes. Activation of complement releases mediators that participate in

many activities such as augmentation of host defenses, chemotaxis, immune

adherence, and phagocytosis. In the absence of anti gen-antibody complexes,

the activation may be via the alternate pathway. Release of complement
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components causes a release of many vasoactive substances from mast cells

(especially histamine), which increase vascular permeability and bring more

antibody and complement to the sites of injury. This process can be deranged

easily, with profound circulatory consequences. It should be noted that

significant increases in histamine and prostaglandin occur postirradiation and

almost certainly after combined injury.20,21

Great strides have been made in deciphering the various immunoregulatory,

helper, effector, and antibody-mediated aspects of the immune system.

However, few data exist on the effects of radiation on these components and

the subsequent immune status of the irradiated animals. This is especially

true for the larger mammalian species such as the canine and primate.

The source of all immunoregulatory cells is the bone marrow. The

integrity of the marrow postirradiation, as a viable hemopoietic organ,

determines the ultimate survival of the animal. If the total dose received is

sublethal, two other considerations must be examined. First is the time
required for regeneration of the hemopoietic stem and progenitor cells and the

consequent period of time during which functional neutrophils, monocytes, and

lymphocytes will be diminished. Second is the effect of combined trauma
and/or sepsis on the recovery of the irradiation-damaged hemopoietic system

and replenishment of functional white cells is very important. Little is
known concerning the effects of various mediators on regeneration of the hemo-

poietic system in trauma-induced, immunosuppressed animals. There is no doubt

that stimulatory factors are released and that mobilization of granulocyte-

macrophage progenitor cells can be accomplished in animals and humans

subjected to mild or nonimmunosuppressive trauma. 22-24  The more pertinent

question concerns the hemopoietic effects following episodes of trauma that

are immunosuppressive and life threatening. Survival following exposure to

radiation doses and trauma that induce hemopoietic and immune dysfunction will

depend on the effective use of therapeutic interventions. Success in defining

effective therapeutic modalities will depend on an active research program

concerning hemopoietic stem cell physiology, cell-mediated and humoral immune

systems, and mechanisms of pathogensis of opportunistic pathogens.
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SURGERY AND W"IND HEALING

Care of the wound to facilitate and enhance wound healing is the central

theme of postresuscitation management following injury. The assessment of .'*.

tissue viability to guide the surgical excision of necrotic tissue, yet con-

serve all viable tissue and limit tissue and functional loss, is imperfect in L .

trauma alone. In combined injuries involving radiation, wound healing will be

markedly delayed, significantly complicating the determination, of tissue

viability and debridinent.

The control of blood loss is important in modifying both syst 'ic and

local reactions to injury, in wound healing, and in reducing the risk of

infection in the postoperative period. The development of shock, secondary to

a decrease of circulating blood volume, is the most frequent cause of early

death in the severely injured battlefield casualty. Appropriate resuscitation L

during this critical period can influence the outcome, whereas inappropriate

resuscitation will exaggerate the pathophysiologic changes that occur and pro-

duce later complications, increasing both morbidity and mortality.
i 0

Since the organ, tissue, and cellular effects of shock are directly

related to its duration, means to prolong the interval between onset and ir-

reversibility need to be developed to increase salvage in an environment of -

limited resources. Identification of the maximum depression of cardiovascular S

function associated with salvage is .required for assisting in triage and for

promoting effective medical and surgical care in the exigent situation. The

need for th identification is exacerbated by the accelerated shock syndrome

seen in combined injuries.
25

THERAPY

The gastrointestinal tract responds to injury by the cessation of

function in terms of both decreased motility and altered movement of fluid,

nutrients, and electrolytes across the mucosal barrier. These pathophysio-

logic responses can be further aggravated by direct injury to the gastro- -

intestinal tract and subsequent perforation. Radiation will significantly
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exacerbate these problems because of the exquisite radiosensitivity of ____.._-___

intestinal epithelial stem cells. Immediate postinjury ileus obviates oral .

resuscitation except in the case of the most trivial injuries. The loss of a

major portion of the small intestines is a severely crippling injury or is

potentially fatal, and means to protect the remaining surface area is a clear

concern to treumatoloqists.

Stress ulceration is the most frequent life-threatening gastrointestinal

complicatlun in trauma. Although the use of antacid or H2 receptor antagonist

prophylaxis has reduced the incidence of this complication, such treatment is

imperfect. Improved means to prevent or treat gastrointestinal mcosal injury

and enhance mucosal repair is essential, especially with concomitant radiation

injury. The mucosal response to injury is universal throughout the gastro-

intestinal tract, particularly those with infection. Stress ulcers have been . . ....

found in the distal small bowels and the colons of severely injured patients.

It is essential to develop effective prophylaxis and treatment' to rEJuce the

morbidity and mortality resulting from the gastrointestinal complications

following combined injury.

Acute renal failure may occur as a result of prolonged hypovolemic or : : :

endotoxin shock and adversely affect patient outcome. Hemodialysis and

peritoneal dialysis have improved the survival of patients with this compli-

cation, but little improvement in overall salvage has been realized since

dialysis was first usea in the Korean conflict. The early diagnosis of acute

renal failure, with modification of fluid management and development of

pharmacologic regimens, is necessary for prophylaxis and/or treatment that

will modify the rinal effects of hypovolemic, shock or the secondary vascular * •

alterations that occur in kidneys with established renal failure.

Evaluation of both the early dnd delayed effects of noncolloid and

colloid-containing fluids for specific 'injuries is required in order to reduce

complications of such treatment, particularly with regard In lice occurring

pulmonary, cerebral, renal, and septic complications. Since there are

specific limits of asanguinous fluid replacement, there is a critical need to

evaluate the clinical usefulness and safety of blood substitutes such as
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stroma-free hemoglobin and fluorocarbon solutions. The use of oral fluid re-

suscitation is markedly limited in severely injured patients, yet resusci-

tation in an austere environment of limited medical resources may require such

treatment. There is, therefore, a need to identify specific indications and

limitations of oral resuscitation and, if possible, to develop solutions and

techniques that will permit such resuscitation to be used for specific

injuries in specific environments.

Various pharmacologic agents may ameliorate the effects of shock and

hypotension. Further studies are required to assess the physiologic effects

and clinical usefulness of such agents as prostaglandins or prostaglandin

synthetase inhibitors, steroids, high-energy phosphate-containing compounds,

and opiate antagonists. The use of prostaglandin synthetase inhibitors has

already shown exciting promise in animal studies. 26

Hypermetabolism accentuates the energy and nutrient needs of all injured

patients. The magnitude of hypermetabolism and its duration are directly

related to the severity of injury, and if the elevated nutritional needs of

the injured patient are unmet, the patient's hospital course and ultimate out-

come may be adversely affected. Research in the area of postinjury hyper-

metabolism has been limited by the difficulty in carrying out long-term

studies in critically ill patients. Protein catabolism is particularly

important to the immune system because catabolism of immunoglobulins may be

accelerated as much as tenfold in severely burned patients. 27  Adequate

nutrition must be maintained to provide adequate substrate for immunoglobulin

synthesis.

Neurohormonal interactions are critically important in regulating post-

injury metabolic changes. Research in this area is very active to define the

initiators of postinjury hypermetabolism and identify the relative importance

of central nervous system. and hormonal changes in the response to injury, re-

suscitation, and sepsis. Nutrient utilization regulated by the neurohormonal

changes must be optimized to disease-specific nutritional support regimens to

reduce the total-body impact of postinjury catabolism, preserve lean body

mass, and hasten convalescence. Organ-specific metabolic effects of combined
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injury and infection must be studied in the !.ver, muscle, heart, and central
nervous system in order to define phoyiologically sound regimens of organ

function support.

Optimum injury-specific diets consisting of essential nutrients in effi-"
ciently utilized calorie/nitrogen ratios must be developed. Determination of
the potential role and the clinical usefilness of hormonal treatment to modify
posttraumatic hypermetabolism, catabolism, and acce Orate. the restoration of
body composition during convalescence is necessary. Agents with promise
include thyroid hormone., growth hormone, and steroids, as well as hormone

antagonists such as adrenergic blockers used to counteract the catabolic

effects of the catecholamines.

TE CHALLENGE-

Two major points can be taken from the foregoing discussion of combined
injury. First, much work remains to be done before we can fully understand
and control the processes initiated by combined injury. The magnitude of this
challenge should not make us pessimistic about the possibilities for
achievement of this goal. In fact, many new discoveries made with regard to
mechanisms and management of injury in recent years will be described at this
meeting, as evidence of how far we have come.

Another fact we must consider is that future efforts in this exciting
field will require a synthesis of the activities of all the multiple systems
that Interact in response to injury. For a truly comprehensive approach to be
taken, the problems of surgery, cellular and systemic physiology, hematology,
microbiology, coagulation, inflammation, and immunity must be pursued in
models of combined Injury. Development of strategies for regulation of host
responses and enhancement of survival will have to consider all these
components of combined injury and be themselves tested as combined therapies
In realistic experimental models.
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RESULTS OF ANIMAL EXPERIMENTS AS A BASIS FOR RECOMMENDATIONS ON
STHERAPY OF COMBINED INJURIES (RADIATION INJURY PLUS WOUNDS)

10

( OTFRIED 1ESSERSCHRIDT
0
0 Laboratorium fur experimentelle Radiololgie, Neuherberg/Munich Federal

. Republic of Germany

O INTRODUCTION

With the dropping of the atomic bomb on Japan, combination injuries were

caused for the first time in people due to the simultaneous action of

whole-body irradiation with burns and wounds. However, the scientific

information that reached us from Hiroshima and Nagasaki is highly

insufficient, because in the unprecedented catastrophic situation in both

cities, no error-free reporting could develop. In Hiroshima, 90% of the

physicians were injured or killed; although in Nagasaki only a part of the

city was destroyed, the university quarters with the clinics were hit, so that

here also the greatest part of the medical profession was lost.

A further burden on many of the injured was the absence of all medical

treatment. Many of the injured were lodged in the houses that remained

standing; these were often burned out and without windows. On the ground,

pressed together, lay women, children, old people, and soldiers, of which a

great number were present at that time in Hiroshima. They had untreated,

bleeding wounds, burns, infections, vomiting, and/or diarrhea. The additional

stress of the complete absence of medical treatment must also be considered as

a factor that caused combination injuries, as defined by us previously.

Only one precise statistical study is available about the occurrence of

combination injuries in Hiroshima and Nagasaki. This study was provided by

the "Joint Commission," an investigation group formed in October 1946, which
1

consisted of American and Japanese physicians. The Commission had selected

5,185 injured patients from H (Hiroshima) and 4,107 from N (Nagasaki), and

determined the percentage of subjects who had only one, two, or three types of

injuries. They observed 60.5% subjects in H and 57.7% in N with one kind of

injury, 34.5% in H and 37.1% in N with two types of injuries, and 5.0% in H
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and s.2% in N with three types of injuries. The patients is the third group
were injured by the effects of the blast wave, the heat r"dation, and the
nuclear radiation. The percentages in both cities are remrkably similar;
however, they are valid only for patients who survived' the effects of both,•
nuclear exposlons for at least 20 days. The patients who died within this

time period were not considered in these statistics. A Cnservative estimate
that includes all of those afflicted, both the survivors aod the dead, seems .
to indicate that approximately half of all victims suffered from combined
injuries.

Of the 5,185 "20-day survivors' from Hiroshima, 35.2% had iniuries caused
by the pressure shock wave, 44.6% had burns, and 41.7 were sick from
radiation inJuries. The sum of these percentages is 171.5%, which indicates
the relatively high occurrence of combined injuries.' Table 1, a statistic.

-from Hiroshima, shows how much the protection ratios determined the relative ,. ..
frequencies of various types of injuries.

TABLE 1. INCIDENC OF INJMIES (%) IN HIROSHNIM XEA
(MEDICAL PARTIES, TOKYO IMP. UNIV.)

Location Shielded by
Type of Outdoors Indoors Wooden Concrete Other -
Injuries Structure Structure

Thermal P1.0 19.0 15.0 2.3 1.7
Mechaniral 19.6 80.3 66.2 12.3 1.8
Radioactive 46.3 53.6 43.1 8.1 2.4

Current investigations estimate the probability of combined injurips even
higher than the figures known from Japan. For example, Geioer, o the DOP
(East Germany), writes in his "Foundations of Military Pedicire" that in a
nuclear war, 65-70% of the in.ured would suffer from combined injuries. The
probabilities of the various combinaticns would be as follows:

trauma + burns + radiation, up to ?00/;
burns + radiation injury, up to 40w;
trauma + radiation in.ury, up to 5!; and
trauma + burns, up to 5'.
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PA S1S AND CLINICAL MANIFESTATIONS OF COBINED INIIES

The physicians in Hiroshima and Nagasaki observed a great aggravation of

an injury when combined with radiation. For example, mechanical wounds or

burns seemed to heal at first; however, 1 or 2 weeks later, a serious relapse

in the healing process could be observed. Wound infections returned with ., 0
disorders in the granulation formation; a gray, grea sy coating would form on
the wounds., The necroses, caused by the granulocytopenia, end the collapse of

resistance against infections would occur. The thrombocytopenia would cause a

renewed occurrence of hemorrhages in the area of the wounds. From a

histological viewpoint, wounds of the skin, burns, necroses, and massive .

bacterial infiltrations could be observed. Collections of leukocytes,

collections that would normally limit a dead tissue area, were absent due to
4

the agranuiocytosis caused by the whole-body irradiation. This pathogenetic

pattern was completely new to the Japanese physicians, who called this

unexplainable disease "Gen Baku Sho," that is, atom bomb disease. 
5

Combined injuries caused by both whole-body irradiation and wounds or

by burns is still a largely unknown clinical picture. The cause of this is

that Japanese and American informants paid attention only to the individual

injuries, especially those of subjects with acute radiation diseases that had

not been observed until then. In the years thereafter, under the impression

of a global nuclear threat, an intensive radiation biological investigation .. -

was initiated, especially in the military laboratories in the' USA, the

European countries, and the Soviet Union; however, the study of combined

injuries was relatively small. The cause of this miaht be that many

investigators are of the opinion that combined injuries, are just modified

radiation injuries for which the same treatment principles are valid, as

compared to radiation diseases.

Ho-oever, there are authors who consider combined injuries as something

special. For example, Federnv 6 writes that "the radiation-burning trauma" is

a new disease that differs siorificantly both from irradiation syndrome and
7from burn diseases. Chromov, Perkutov, and Lubenski posed the basic qurstion

of whether for combined injuries the various traumas amplify each other
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mutually and make the typical symptoms just stand out better, or whether they

lead to a completely different clinical picture. Generally, there is hardly a .

satisfactory answer to this question, if one considers various traumas, eve. .

in combination with the same type of injury each time, i.e., the radiation, . . .

exposure does not necessarily cause different reactions in the organism. It -,..-.

is certain that the main symptoms of the individual injuries remain present -

and are. only modified. However, it car happen that the syhptms that play a

relatively unimportant and hardly recognizable role in various individual

injuries become so prominent in combination with other noxae that the entire

clinical picture of. the new symptomatology is determined by these previously ...........

unimportant symptoms, and one is temptedi in such cases, to talk of a "third,

disease."

We already mentioned that a satisfactory evaluation of. the many rvombined

injuries that occurred in Hiroshima and Nagasaki does not exist, and that also

no other clinical 'experience with combined injuries is available that could

offer significant evidence with respect to the questions, discussed.

Therefore, it is necessary to base ourselves on experiments with animals;

thus, the following explanations and interpretations are made with respect to 0

experiments with animals.'

ANINAL EXPERIMENTS AS A BASIS FOR PATHOLOGY AND THERAPY OF C(MINED INJURIES

In the combined injuries, burns seem to worsen the prognosis of a whole-

body irradiation to a greater degree than other traumas. This is shown by the
8 0 10

investigations of Prooks et al. , Baxter et al. , Alpen and Sheline , and

Korlof 1I, with dogs, pigs, rats, and guinea pigs as subjects. The results,

summarized in Table 2,. show that an addition of the radiation and burn

lethal'ty in the test animals was not often produced but that in these injury

combinions, magnification effects could occur. An extreme increase in

lethality was observed, especially for the larger test animals such as dogs

and pils', which are more similar with respect to their sensitivity to

radiati.on than rodents.
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TABLE 2. COMBINED EFFECT OF WHOLE-BODY IRRADIATION AND APPROXIMATELY
SIMULTANEOUS BURNS ON VARIOUS ANIMAL SUBJECTS

Lethality (%)

Dogs (Brooks, Evans, Ham, and Reid)

20% burns 1?

100 R 0

20% burns + 100 R 73

Pigs (Baxter, Drummond, Stephens-Newsham, Randall)

10-15% burns 0

400 R 20

10-15% burns + 400 R 90

Rats (Alpen and Sheline)

31-35% burns 50

250 P 0

500 R 20

31-35% burns + 100 P 65

31-35% burns + 250 R 95

31-35% burns + 500 R 100

Guinea Pigs (Korlof)

1.5% burns 0

250 R I]

1.5% burns + 250 P 38

Without doubt, open wounds that do not close again form a great danger

for the survival of the test animals. In our own investioation we could

prove 12 that mice irradiated with an LD26 (in this case, 510 R) and inflicted

2 days later with an open skin wound, died in 90% of all cases. If the wounds

werp covered immediately, the mortality could be decreased down to 18%.

However, if the wounds remained opened, the animals soon became very sick.

They lost up to 30% of their body weight. After an initial lack of appetite,

they drank a greater amount of drinking water because they clearly lost a

great amount of liquid through the open skin wounds. The excreted amount of
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urine decreased drastically. The consumption of solid food stopped or was

interrupted for at least a few days. An increased amount of urea was excreted

in the urine, which in its turn caused an increased proteolysis caused by an

acidotic condition of the metabolism. The histological picture indicates a

protracted shock with definite microcirculatory interferences.

13
PolIjakow confirmed that a shock syndrome can play a decisive role. in

combined injuries. He writes, "Already during the latent phase of the
radiation disease, the shock causes drastic changes in. the metabolic
processes. The reduction and oxidation processes in the tissues were highly

slowed down. . . . At the high point of the radiation disease a completely a..A
insignificant mechanical trauma can cause a shock ... The arterial blood

pressure decreases markedly and can be raised only with difficulty."

The extensive investigations of Mitrofanov 14 into the oxidation and

reduction processes in the tissue respiration indicate as well such a synergy

between trauma and radiation effects. The dogs he investigated showed, due to'

the combined injuries, a lowering of the capability to oxidate for the cells

in the cerebral cortex in the bratn stem, liver, kidneys, heart muscle, and

lungs.

Cluzet15 was the first to report about the effects of X-rays on the

healing of fractures. His study and those of other authors addressed

themselves to the question of how far a local irradiation delayed the

formation of callus and the consolidation of a fracture. However, in combined

injuries caused by nuclear explosions, an irradiation of the whole body with a

subsequent radiation syndrome is produced. So in this case, rather than local

exposure to radiation of the fractured region, the disorders of the entire

organism with their side effects on the healing process of the fracture are

most important.

Zemlianoj 16 could observe that the formation of callus was significantly

delayed in an artificially fractured body of a test animal that had been

exposed to whole-body irradiation in addition. Figure 1 is drawn with the aid

of X-rays; it shows the course of healing of lower arm fractures in rabbits

that have been irradiated with 800 R; 2 hours later a piece of the radius

41

, .... .e



subperiostal was taken away. In all animals, the picture of a heavy radiation

disease developed, which caused the death of 20%. On the 32nd day, the bones

of the control group were completely healed, the callus was extensively built

up again, and the marrow hole was open. In the irradiated animals, a gaping

opening between the bone ends still existed, and only after 60 days was a

complete healing of the artificial fracture reached.

These X-ray investigations additionally show that the regeneration of the

bone tissue is not interfered with to a great degree during the first days

after the irradiation; however, at the maximum of the radiation disease, a

very definite retardation of the healing of the fracture can be observed

accompanied by disorders in the callus formation and delays in the restoration

of the bone marrow hole.

Non-irradiated Irrodiated

~ 13d

__ __. 19--- ' 1 d

_______ . 26 d

32 d

60 d

FIGURE 1. Fracture healing (rabbit radius) after whole-body irradiation with
800 R as compared to non-irradiated controls

In nuclear explcsions, pressure, heat, and radiation appear

simultaneously. Therefore, in most experiments with animals, the irradiation

and the second injury were placed together as closely as possible. However,

it might be possible that the exposure to radiation and a second ard also

third trauma are inflicted on the organism at different times. An example ef
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this is when people have been exposed to a shock wave or thermal radiation and

subsequently are exposed to gamma and beta radiation from the fallout. There * -

is also the, possibility of a reversed sequential order in the injuries in the

following case: subjects are exposed to fallout radiation or initial neutron-

gam.a irradiation, and are subsequently burned and/or injured by conventional

or nuclear weapons. Furthermore, the necessity can arise for exposing an

irradiated subject afterwards to the trauma of a surgical intervention. In

the following we will present the results of our own investigations into the

problem of the time factor.

The first, rather unexpected results were observed in mice whose spleens

were removed before or after a whole-body Irradiation. 17  If the intervention

was performed 2 days before the radiation, the radiation lethality decreased

from 27% to 10%. If the splenectomy was performed simultaneously, i.e., 1 -

hour after the irradiation, the lethality of the animals even decreased down L.

to 4%. However, if the operation was performed 8 days before the irradiation,

the radiation lethality did nt change. The effects of the spletectomy were

different when performe' 2 or more days after irradiation. In that case, the

lethality increased to values much- larger than the radiation lethality. If 0

the spleen was not removed durina the abdominal intervention so that only a

test laparotomy was performed, the influence of the operation on the radiation

lethality was clearly lower. Only when both traumas were inflicted

approximately simultaneously was a decrease in the mortality of the mice

observed. Sham operations performed 2 or more days before or after the

irradiation produced a moderate increase in the lethality.

Instead of the mentioned closed interventions, if open bleeding skin

wounds were made, a significant increase- in the lethality was produced when

performed approximately simultaneously with the irradiation, as can be seen in

Figure 2. However, a decrease in the radiation lethality could occur when the

intervention was performed a number of days before irradiation; the lethality

increased considerably when the wounds were produced after the Irradiation.

However, if the skin wounds were not left open but were sewn up shortly efter

the intervention, the radiation lethality would be influenced to a much lower

degree. A significant decrease in the lethality was obtained by performing

the operation at approximately the same tin'e as the irradiation; a slight •
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FIGURE 2. Mortality (%) of male mice as a function of the interval between
irradiation (510 R) and infliction of wounds (open skin wounds, HW; skin
wounds, hatched columns; closed skin wounds, GHW: white columns).
--- (1W) and - GHW) = wound lethality without additional exposure to
irradiation.

increase in the lethality as compared to the radiation lethality could be

observed when the intervention was performed 6 days after the irradiation.

Figure 3 shows in a graphic representation the lethality ratios of the

mentioned four types of injuries that were inflicted on the mice at various

times before or after the irradiation. In this figure the following can be

noted: (1) irradiation of previous traumas only moderately affected the

radiation lethality of mice or produced a significant decrease, (2) traumas

that have been inflicted simultaneously with the irradiation mostly produced a

decrease in the lethality, (3) traumas inflicted after the irradiation

increased the lethality, and (4) serious interventions such as splenectomy and

open wounds influenced the radiation lethality more than light injuries.

We performed investigations in which we inflicted burns, compression

injuries (tourniquet), aseptic muscle necroses (with formalin), and various

kinds of stress, such as overheating, undercooling, and exhaustion (by

swimming) at various timps before and after irradiation. However, an
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explanation of these almost regular relationships does not seem easy. It
seems understandable that the infliction of a second trauma after the
irradiation, i.e., the effect of a noxa on the organism with radiation
disease, produces an increase in the lethality. In the-investigated mice, the

open skin wounds, burns, and operations led to serious, irreversible shock
conditions, which caused the death of the animals. This assumption is A

justified by biochemical and histological investigations performed by us.
Probably no-decisive role is played by infections; the bacterioloqica' control

groups, at least. do not allow such cane' asions. Hemorrhages might have been

of influence; these occurred when the animals were operated upon after the
6th day. i.e., in the stage of thrombocytopenia.

0000 skin wound

i 
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FIGURE 3. Mortality of male mice as a function of the interval between
irradiation (510 P) and the performance of additional interventions such as
closed skin wounds, spenectomy, test laparotomry, or compression of an
extremity (tourniquet)

Significantly more difficult is the explanation for a decrease in the

radiation lethality caused by a trauma before or at the same time as the

irradiation. A reasonable solution might be to explain the obvious protective

effect of preceding traumas by the adaptation syndrome of Selye. That is, we *
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assume that preceding operations or injuries cause a stress situation that

produces an increased ACTII secretion of the hypophysis and a subsequent

suprarenal cortex reaction. In our own investigations in mice,18 we observed

a marked increase in the corticoid level of the suprarenal glands after the

infliction of open skin wounds; one peak was observed 2 hours after the wounds

were caused, and a second peak was observed 2-3 days later. An irradiation

that followed a few hours or days after the operation would affect the

organism in a condition of an increased suprarenal cortex reaction. Further

investigations could demonstrate increased corticoid levels after irradiation

as well; the increases occurred at the same intervals and were even more

marked. With a reversed order of the traumas, i.e., the wounds were inflicted

at a time of an increased corticoid level caused by irritation, no influence

on the lethality could be observed. The wounds by themselves were a

significantly less serious burden for the organism than was the radiation. In

most cases a serious injury accompanied by an increased lethality was produced

if the wounds were inflicted after the irradiation.

Further investigations into the "protective effects" of preceding traumas

included the investigation of the bone marrow of mice with combined injuries.

One can start here with the basic assumption that higher radiation doses

produce a higher lethality than do lower doses because a correspondingly

greater number of stem cells will be destroyed. If a greater number of

stem cells could be observed in the bone marrow of irradiated mice that had

been wounded beforehand than in mice that had been irradiated with an equal

dose but had not been wounded beforehand, this could indicate an increased

radiation resistance in the mice that had been wounded beforehand.

THE THERAPY FOR COMBINED INJURIES

The treatment of combined injuries must always be seen against the

backaround of the radiation syndrome therapy. \ In addition to this therapy,

typical measures for each individual injury have to he applied.

--All combined injuries have P set of symptoms in common; genpral treatment

principles can be adjusted to these symptoms. Almost all additional injuries Z
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worsen the development and prognosis of the radiation disease. Radiation

doses whose effects are far below the limit of lethality can become

life endangering in the presence of serious injuries or burns.

The susceptibility for shock is extTply increased. Not much is known ...

yet about the rcombination injury shock'rin people; one can assume, however,

that its treatment should be similar to that of a wound shock without

additional exposure to irradiation. Warmth, quiet, control of pain, and

stabilization of the circulatory system should be mentioned here.

The healing of wounds, burns, and open fractures in the initial phase of

the radiation disease does not always differ from the healina in

non-irradiated patients; however, when the agranulocytosis starts, very

serious wound infections can occur, which can even lead to necrosis. The

method of choice is a primary wound suturing as soon as possible Ofter the

combined in.ury. Local and general antibiotic therapy should not be omitted

The increased potential for hemorrhages after irradiation is an

additional reason for the requiremeft that surgical interventions should be

performed in the first hours or days after the irradiation. Special attention

should be paid to the blood stanctlng because there is a great risk of after-

hemorrhages. Blood transfusions are not indicated very much for "pure"

radiation diseases; however, it may become necessary in combined injuries. it

is important to note that a surgical treatment, especially In the initial

phise, should take precedence over the radiation disease, because the critical

s,iptoms of the radiation disease occur only 1-2 weeks later. If necessary

for the injury, antibiotics should be given at an early stage as well,

although from the viewpoint of the radiation disease, an antibiotic therapy

that precedes the maximum phase does not seem purposeful.

The results of a series of experiments with animals that I conducted are

probably nf practical sionificance as well. They show that mice that have

been inflicted with whole-body irradiation in crmbination with skin wounds are

changed in their sensitivity to such drugs as Fvipan, Luminel, Thiogenal, and
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Epontol, as well as morphine, Dilaudid, and Dolantin. This decrease in

tolerarce could necessitate a greater discretion and a diminishing of the .

amount of the narcosis substance used.

The recomendations for the treatment of combination injuries discussed

up until now differ in many respects froff, the conventicnal therapy of open

injuries. In particular, the primary wound closure might seem very

questionable in the case of an extensive infected and fragmented injury,

especially under war conditions. In addition, the danger for an anaerobic

infection is increased in the presence of an expcsure to irradiation. Figure

4 shows that artificial gas-gangrene infections lead to a higher percentage of
deaths when the infection is inflicted at the maximur phase of the radiation

disease.

o~
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FIGURE 4. Changes in the susceptibility for gas-gangrene infections of
irradiated white mice at various time intervals after the irradiation
(according to Petrov [191). White columns: control mice; hatched columns:
irradiated mice.

For the planning of therapeutic measures, it is of decisive impcrtlance to

know whether a significant irradiation really has taken place in addition to

the other injuries. Tn almost all animal experiments, the subjects were

exposed to sub-letho1 or roughly medium-lethal whole-body irradiations and

sub-equently inflicted with the various types of injuries discussed. S

Therefore, the radiation component was always very precisely defined.
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However, n a nuclear catastrophe, this doesn't have to be. the case at all.

Probably there will be a great percentage of injured who have not been,

exposed, or have been slightly exposed, to irradiation; therefore, these

subjects should not be treated like combined injured patients.

The estmintion of the degree of radiation damaQe simply belongs to the i .

greatest diagnostic difficulties. The physical radiation measurement, i.e.,

the so-called individual dosimetry, is 'greatly insufficient and perhaps will
remain that way forever. Only the close collaboration of the surgeon with a

radiologist who is extremely familiar with radiation-biological problems and

with a hematologist can lead to success in these difficult decisions. The

findings described are essentially based on experiments in animals, and nobody,

knows how far these are valid for human subjects.
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iffrIODUCTIWN

Triage criteria and therapeutic tactic: are relatively wenl estabIi shed
for polytraumas, even in typical mass-casualty situations. Far we uncertain
is the management of patients demonstrating radiocambined injwurfs. For that .. .....

reason, we have carrited on a research program on irradiated animails with
either burns or sut-qical trauma (partial enterectomy or nephrectomy). The

research's aims were (a) to follow the evolution..of the clinical and
*biological syndroms of these pathological entities; (b) ta. determine

anaesthesia, resuscitation, and surgery problems presented by the irradiated
animal in toto; and (c) to specify repair mechanisms after combined injury.

Our results represent an original contribution to the study of radio-
comined, injuries. Radiation and visceral surgery with the large-animal
models have alt-ca ybeen the subject of research efforts (Tichonin,
Iotelnikov, Gore v, reported by Messerschmidt.1 Gustafson and Cebus, 2

Piscevic et al. . In other respects, many authors have studied the clinical
and biologicp4 evolution of burns combined wvith an irradiation (among them, .
Alpen and/,!Icline,4 Korlof, 5 Vogil, 6 Valeriote and Baker, 7 , Nesserschmidt et

L. 8, 00gyen et -al; 9). The use of early excision-graft in the primate exposed
to ridiation and thermal burns has not been previously reported.

The results presented here represent a synoosis of -restrictedly
distributed, recently published reports7--a

MATERIALS AND MTHODS

ASSOCIATION IRRADIATION-SURGERY
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Animals and Experimental Series
;o •

Our study was carried out on 72 male adult pure-bred beagle dogs, from 10

to 12 months of age, with an average weiqht of 11.5 + 1.5 kg divided into 18

experimental series (Table 1).

TAIE 1. IRRADIATION MD SURGERY: EXPERIMENTAL GROUPS

CONTROL DOGS .

Irradiation (day J) * ..
BloodSapld Enterectomy Nephrectomy 2.5: 3. GSamling 2.5 Gy 3 Gy 3.5 Gy .:• -. ,

o6a 0/2 0/4 0/4 2/4 4/4

J+20b J+1. 9 .

IRRADIATION (day J) AND ENTEREC"OMISED DOGS

at day J + 4 at day J + 11

253 G . 25Gy 3 Gy 3. *y

1/4 3/4 3/4 1/4 2/4 4/4

J+16 J+15 J+13 J+12 J+17 J+15

IRRADIATED (day J) AND NEPHRECTOMISED DOGS

at day J +4 at day J + 11

2.5, 3Gy 3.5Gy 3Gy 3.5.Gy-

2c/4 3/4 4/4 1/4 2/4 4/4

J+11 J+14 J+19 J+24 J+17 J+16

a lethality and number of animals in each group
b mean date of death
c one in early post-operative period (J+5)
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Irradiation
je,,. ..

The dogs without anaesthestic and fasting were placed in an Altuglass

cage (50 x 40 x 15 cm) located 2 m from a 60 Co source. The radiation was

delivered in two equal fractions bilaterally. Dose rate was 14.3 cGy/min

corrected. The animals were irradiated at 2.5, 3 or 3.5 Gy. We called J the .

day of irradiation, and the surgical operation took place on J + 4 or J + 11.

The Surgical Intervention .

One hour after a, pre-operative treatment [2 mg/kg of' chlorhydrate

pethidine (Dolosal, Specia) and 2 mg/kg or chlorhydrate phenothiazine

(Diparcol, Specia). I the anaesthesia was induced by a 25 mg/kg sodium

penthothal (Penththal, Abbott) I.V. Injection. An endotracheal tube was

linked to a Vapor-Oraeger device utilized in half-closed circuit. Gaseous

anaesthetic' (75% nitrogen protoxyde, 25% oxygen) was delivered at a 1-1/min

constant flow. During the operation, we used a combined -anaesthetic.

(Penothal-nitrogen protoxyde) so that the total-quantity of injected Penththal 49

was around 500 and 800 mg. During the surgical operation, the animal received

250 to 300 ml of an isotonic glucose infusion.

The enterectomy involved the excision of 8 to 10 cm of small bowel. The

entero-anastomosis was carried out in two planes using interrupted sutures.

One million units of Colimycine were, placed into the abdominal cavity before

closing the towel in three planes.

The' left nephrectomy was performed by a lumbar approach and followed by 0 0

the deposit of one million units of Colimycine in the renal bed. After the

placement of drains (left in place for 4 days), muscular masses were sutured

in one plane.

Daily antibiotic therapy with Bipenicillin (500,000 U.) and Colimycine

(500,000 U.) was carried out for 5 days. The same treatment was given to -

unoperated irradiated animals. Gradual feeding was spread over 6 days.
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Clinical, Biological, and Anatomicopathological Controls

Animals were clinically examined daily for 2 months. Blood samoles (23

ml) were withdrawn for examination of bacteriology, hematulogy, hemostasis,

and biochemistry.

Necropsies were carried out either after death or animal's sacrifice, 6

months after the radiocombined injury.

ASSOCIATION IRRADIATION-BURN __ 0

Animals and Experimental Series

Macaca fascicularis monkeys, with a 5.7 + 1.2 kg average weight, were - .

divided into six experimental groups (Table 2).

TABLE 2. IRRADIATION AM) BURNS: EXPERIMEXTAL GROUPS

Burn + Irradiation +
Blood Burn Irradiation Irradiation early 'burn + early
Sampling (12.15%) (2 Gy) + Burn excision excision graft

0 a/4b 0/3 0/2 0/3 0/5 lc/6

a: dead monkey
b: number of animals in each group
c: animal without preventive antibiotherapy .

* 0
Irradiation

The monkeys were anaesthetized with ketamine (Ketalar, Parke Davis),

placed in a restraining chair, and irradiated by a 60 Co source at a dose of 2

Gy at a rate of 5.5 cGy/min.
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Burn

Burns were administered within 1 hour of irradiation under ketamine

anaesthesia. The surface to be burned (12 to 15% of the body surface) was

accurately marked off on the animal's shaven dorsal side. Burns were then
administered by four 1000-Watt flashlights' lumino-thermal effect for a period

of 8 sec. This techniques produces a third degree reproducible, well-limited
burn, whose degree and homogeneity have been controlled both macro- and micro-

scopically. The animal was then kept in a warm room (> 220C) and overfed.

Early Excision-Graft

One day after the burn, under ketamine anaesthesia, 0.04 mm thick skin

grafts were cut off the animal's ventral side. After total exeresis of the
burned tissues and a filet expansion of the skin grafts, these last grafts

were sutured by separated stitches onto the burned area. The wound was then
covered by a bandage and the animal's trunk protected by a linen cloth.
During the operation each monkey received subcutaneously 30 ml of isotonic

solution (glucose, sodium chloride, v/v).

Daily preventive antibiotherapy with 100 mq/kg Cephalotine (Glaxo) and 4
mg/kg Gentalline (Unilabo) was given for 8 days from the day of agqression

(irradiation or burn) to all the animals.

Clinical, Biological, and Anatomicopathological Controls

Animals were routinely examined for weight and temperature as well as

hematoloqical and biochemical (protidemia, ionogram) parameters.

Skin samplings were made on the same time schedule as the biological
assessments.
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SYmESIS OF RESULTS

ASSOCIATION IRRADIATION-SURGERY

Around Day 10 postirradiation, animals begin demonstrating a state of

general impairment. Around Day 12, the dogs become hyperthermic and often . .

showed positive hemocultures. Septicemia was evident in those that died

(50%). In those that survived an improvement of the general state was shown

from Day 19, and biological normalization was seen around the 6th week

postirradiation. Surgical interventions were noted to disturb the pattern of .

normalization.

Hematological Parameters

Nephrectomy carried out 4 days postirradidtion worsened the erythrocyte,

leukocyte, granulocyte, and lymphocyte counts more than did enterectomy.

lfis 'observation was true for erythrocytes whatever the irradiation dose,
* 0

and w! especially true for leukocytes at doses above 2.5 Gy. If the surgery

occurred 11 days Dostirradiation, it appears that there was no difference

between nephrectomy and enterectomy.

Hemostasis

Generally, both types of surgical operations increased the blood

coaqulation disorders due to irradiation in the same proportions.

Specifically affected were platelet count, skin bleeding time, recalcification

time (Howell's method), th_ prothrombin time (Quick's method), the P.P.S.

value (factors II, VII, X), the thrombin time, the fibrinogen level, and the

thrombelastogram.

In some experimental conditions such as neohrectomy carried out on 11
* 4

days after 2.5 Gy irradiation, a few components of the radio-induced

hypocoagulability were not increased ("r + k" and "a" parameters of

thrombelastogram, platelet count) or seemed to be "improved" ("a" parameter of

thrombelastogram, fibrinogen level) (Figure 1).
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Proteins and Protelnogram

..'- -. / :':

Between 4 and 24 hours, sore irradiated animals showed a transitory

hyperprotdencia or an hypoalbuminemia.

A partial ileectomy associated with an irradiation led to a moderate * 0 0

hypoprotidemia with dogs operated 4 days after 2.5 and 3 Gy irradiation.

Nephrectomy caused severe proteinemic deficiency. Radiation-nephrectomy

worsened the serum proteinic imbalance of the acute irradiation syndrome in

the form of hypoalbuminemia with ct-and 3-hyperglobulinemia. The imbalance .... O

was independent of tine.

Serum Lipids and Lipoproteins

Irradiation with 2.5, 3, or 3.5 Gy for 11 days induced an increase in the

various serum lipidic components (total lipids, cholesterol, triglycerides,

unesterified fatty acids) and a decrease in the heavy/light lipoproteins '

ratio. Nephrectomy further increased this lipidic imbalance. .* *

Serum Enzymes

We have studied 9 serum enzymes: pseudo-cholinesterases, creatine kinase

and its isoenz'-ms MM and MB, lactate dehydrogenase and its isoenzyme 1 and 2

(a-hydroxybutyrate dehydrogenase), 5'-nucleotidase, ornithine carbamyl

transferase and alkaline phosphatase.

The irradiation-surgery association diversely affects these parameters •

according to the studied enzyme, the irradiation dose and the time between

both aggressions. Radiation seems to affect the hepato-biliary system

(pseudocholinesterase, alkaline phosphatase) to a qreater degree than the

myocardium (lactate dehydrocenase). With certain exceptions (e.g. 5'-

nucleotidase) greater disorders are noted when nephrectomy is done 4 days -

rather than 11 days postirradiation.
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Macroscopic and microscopic injuries (hematopoletic syster, lungs,

digestive tract) appearf-d to be the samte in irradiated or irradiated-operated
animals, and they were generafly proportional to the radiation dose.
Extensive diffuse parenchymal congestion was observed with the polytrauma 0

animals. In other respects, the surgery increased the infectious risk of,
irradiated animals reflected by increased frequency of microbial concentration
centers in histologic sections of the hematopoietic system, lungs, liver, and
kidney.

Healing Intestinal Area

Two weeks after surgery, the entero-anast....:is carried out on the
irradiated animals were all tight and functional, but were far more congestive

than on no-irradiated animals. Entero-anastomosis areas examined 6 months

after the combined injuries showed satisfactory although delayed healing pro-

cesses. The delay seemed to be due to the qualitative and quantitative * "*

deficiency of the collagen synthesis. p'

IRRADIATION AND BURN FOLLOWED BY AN EARLY EXCISION GRAFT

Clinical and Biologic Parameters

No lethality was observed with irradiated, irradiated -buried, grafted or

non-grafted, animals, when those modalities were followed by antibiotic o. .-
apy. Moreover, the irradiation and the excision-graft did not largely modify

the temporal evolution of animals subjected or not subjected to a burn.
Contrary to hematoloqical parameters (erythrocytes, leukocytes), the .

biochemical alterations due to the burn-excision-graft were nct increased in

the 2-Gy irradiated animal (onogram, proteinemia).
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kin Repair Phenor.ena

The Burn's Macroscopical Evolution

Irradiation did not lead to ary appreciable modification in the early

ealing processes of burns. Around the tenth day or so, the impaired, rigid

,kin began to dissociate, and by month's end, the underlying granulation

,issue was readily apparent.

Later, signs of skin healing (regression of the red-purplish-blue color

of the granulation tissue, centripal epidermization of the wound and pro-

Sressive reduction) were seen in irradiation monkeys. Healing was not com-

pleted on J + 105 with irradiated-burned animals, whereas burned-only animals

Jemonstrated a glabrous and pink scar by day J + 91. -

The Grafts' Evolution

Macroscopically, no difference was observed in the evolution of burns

between irradiated or non-irradiated animals. The re-epidermization of the

grafted area was complete by the end of the second week. On the contrary,

histological observations showed a slight delay in the graft's healing

rocesses in the irradiated animals. This fact was true for the graft (light

epidermal proliferation, scar dermal conjectiva-vascular neoformations) as

well as for the granulition tissue (delay in maturation).

DISCUSSION AND CONCLUSION

I In our experiments with canines previously irradiated in toto, the

prognosis postileectomy or nephrectomy varied directly with the radiation

dose. Contrary to reports by Gustafson,2 we have found surqery to affect the
proqncsis only slightly. Messerschmidt et al. 3 found similar results when

examining stitched skin wounds in ir,-adiated animals. Earlier lethality noted

with irradiated-operated animals was apparently linked to infectious

pathology, with pulmonary predominance, and which was responsible for a quick

cardio-respiratory decompensation.
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No clear distinction can be made between radiation and time of surgery - -

and subsequent prognosis. Nevertheless, large systems of regulation succeed

in rather efficiently correctinq some biological disorders Induced by the

radiocombined injury, hypoprotinemia. When a delayed surgery (J + 11)

disturbs the serum biochemical syndrome, intensity of the observed

modifications has never been higher than the one noted after a nephrectomy of

J + 4, and has never shown a dose-effect relationship.

The surgery and anaesthetic technique does not encounter any major

technical difficulties. In case of acute hypocoagulability, satisfactory

hemostasis in the surgery field is possible, and must be promoted by

correction of the hypocoagulability syndrome. In that respect,

hyoocoagulability does not necessarily call for a fatal evolution.

Entero-anastomosis, or kidney healing, follows a satisfyino long-term

course in spite of the delay noted in the healing processes of the irradiated

animal. Stitching rupture or wound dehiscence are not often noted.

The above leads us to assert that whole-body irradiation around am Ll

50/30 dose does not constitute a major contra-indication for intestinl or

retroperitoneal surgery, even if it must be carried out at the end of the

latent period of the acute radiation illness. The increased infectious risk

with granulopenic or lymphocytopenic subjects must be considered..

Conclusions were similar for the study of a primate with a third-degree

burn on 15% of the body surface effected 1 hour after 2 Gy of radiation.

Radiation delayed the healing processes for 2 weeks, but did not diminish

the prognosis of the burn. This runs counter to the observations of Brooks et

al., 14 Baxter et al., 15 Alpen and Sheline 4 and Korlof, 5 but aqrees with the

observations of Messerschmidt et al.8 and Nquyen et al. g  Finally, early L

excision-graft, strongly advised in the treatment of the burn, is still

* recommended in irradiated-burn subjects. The evolution of the early excision

graft is minimally influenced by irradiation, which minimized infectious and

metabolic problems.
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Discussion PfRIOO MITH DR. DUSS

nR. HIRSCH: Dr. Pubos, in you burn mdel if you would have chosen a j~
smnllpr mesh in your graft, would the healing process have been faster? Also,

what happened to the darer surfACPs of your animal an~d what was the healino

period of your donor surface?

CP. D!JPOS: I shall tegin with your sprond question.

Donor surfaces repair in normal time. H-ealing processes are not

disturbed by the radiation. Donor surfaces were vulnerahie for monkeys and

orafts were not done on those surfaces. 11paling processps appeared correct.
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Vie have not tried other dimensions of mesh. Our methodology

essentially followed the Japanese work. They tried several sizes of mesh

expansion and we have used their dimensions.

The normal skin was two millimeters. The net had two millimeters of

large normal skin and it was the better condition.

DR. BAINES: I would just like to point out two things. One, we have

shown previously that kinetics of protein synthesis, collagen synthesis in

particular, are altered in burned animals versus control animals, even in

control sites, within an animal that has received a 20 percent full-thickness

burn. In an animal that has a 20 percent full-thickness burn and then has

trephine punches removed from the burn site, viable tissue does grow underneath

the eschar. In a control site at least two fo three centimeters away from the

major burn trauma, you find healing with respect to collagen synthesis normal.

In tissue that is coming in, surrounded by eschar, collagen synthesis

is delayed at least five to six days, primary peak. Normally in skin you will

see a synthesis day four, day five. Well, that peak is delayed at least a week

and is diminished. So that looking on days four and 11 is not going to show

you what is happening in protein synthesis.

Secondly, histological examination alone is not going to tell you

what is going on in a wound. You must also do specific stains for specific

proteins. Collagen synthesis, non-collagen protein synthesis, and total

protein profiles may be quite different whereas the histology may not be.
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Orthopedic Surgery and Orthopedic Trauma Service, The University of Texas
Health Science Center, Hermann Hospital, Texas, USA

INTRODUOU N~ ..<,

Many of the principles and methods currently employed in the care of

trauma patients were developed in the military confrontations of this century.

The urban centers and highways of the modern era themselves represent .

battlefields. Trauma is the leading cause of death for Americans between the

ages of I and 39. It kills over 100,000 people annually and disables another -. .

400,000. The national cost of this problem is enormous, totaling morel then

$88.5 billion in 1980 alone.

-. is paper will review the modern conceots and systxj- approach to the

management of multiole organ systems trauma.. This t!., of trauma usually

results from blunt impacts, such as those asso< . ith vrhicvlar accidents

and with falls from great heights. This type of trauma has 6igher mortality

than that associated with penetrating injuries. .

Published experience of Emergency Medical Services-Trauma Systems-:5

documents the advantages of the development of statewide Emergency Medical

Services programs and regional trauma centers to deal with this problem.

Direct transfer of injured patients from the scene of the accident to a

distant trauma center was a concept developed during the Vietnam War. In the

last 10 years, the regional trauma center model has been further evolved in a

number of areas of the country. The experience of these units has underscored

the importance of highly organized, aggressive management in the acute phase

of polytrauma care. Patients must be treated definitively within the "Golden

Hour" following injury, if shock and death are to be avoided. The orime 0

lesson here is that the, proper logistics and coordination of multi-specialty

care are essential for the optimization of results in the treatment of the

multiply injured.
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Systems analysis of the modern regional approach to blunt trauma care is 6 0

relevant in the context of this conference not only as a review of techniques

in trauma manaqement, but also as a model for the organization and delivery of .

care. This may be useful in planning of the possibility of caring for large

numbers of patients with combined radiation injury and trauma. If - .

appropriate, I will comment directly on the relative correlaries of the

military medical organization.

PATIENT SELECTION AND TRIAGE

When considering a regionalized system it is neither appropriate nor

cost-effective to transfer all trauma patients to a regional center. Only the

most severely injured class of patients should be transported to these -

centers. To optimize the care of these patients, they should be identified as

being' in that class at the scene of the accident, and be transported directly

to the trauma center. This obviates the need for screening patients at the

nearest medical facility. The direct field triage to trauma center requires __________

that patient selection be made by the paramedical field personnel. This
includes Emergency Medical Technicians, paramedics, and police. The Maryland

Institute of Emergency Medical Systems has developed a set of criteria used in

its statewide system to select patients for transport to the central trauma

center. This includes the following: significant head injury, significant _9 ..

spine injury, injury to- two major body cavities, combination of injury to a
major body cavity and long bone fracture, multiple long bone fracture, complex

open fractures.

* S

The effective use of such a set of criteria by these personnel in the

field requires constant reinforcement through an extensive ongoing educational

proqram. In the Maryland exoerience, only 10% of patients triaqed are

inappropriate for the trauma center.

Time for entry into the system could be further shortened by the use of

the central emergency telephone number 911. This enables passersby to more

easily contact and bring the paramedical field personnel to the scene. A
-L IL
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well-developed radio communications system is also necessary to coordinate

transport of the patients from the accident scene to the central tram unit.
Parmedics with field experience can be used most effectively as the

dispatchers in thp central communications center. These people speak the

language of the field personnel and provide an interface that encourages the

use of this system. Voluntary systems, such as the Life Flight program in 6

Houston, Texas, depend on the positive attitude of the field personel for

contacts. The legislatively mandated triage like that in Marylad requires

the cooperation of EMT's and paramedics to achieve full compliance.,

FIELD TREANWT *.

Although it is universally agreed that greater levels of training and

experience of field personnel is beneficial, advanced training can sometimes

have a negative impact. Well-intentioned paramedics all too often can spend

excessive time at the scene of the accident while attempting to insert an

endotracheal tube and start intravenous lines. The patient's chances of . "

survival are directly related to the soeed with which he is moved to the

definitive-care facility for surgical treatment and blood replacemmt. Many

authorities favor the "scoop and run* concept, since it is felt that

intubation and intravenous therapy should be accomplished en route to the

trauma center, rather than delaying transport. Although the technique of

endotracheal intubation is more difficult to learn, once mastered, it provides

more secure control of the airway than the esophageal obturator. Packaging

should emphasize stabilization and protection of spine, pelvic, and femoral ..

fractures. Excessive time spent in splinting peripheral skeletal injuries

should be discouraged in polytrauma patients. External pneumatic compression

and auto-transfusion provided by military anti-shock trousers is promising,

but their efficacy has not been established in large, well-controlled,

randomized studies.

Hospital-based helicopter systems such as the Houston Life Flight program

have explored the possibility of carrying nurses and doctors on flights. This

enhances the possibilities for early diagnosis and therapy. In many cases,

however, the hurried pace and lack of hospital equipment prevent the doctor
AL. . .
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from providing care that is any more sophisticated than that offered by a

paramedic. A flow of information about the patient can be initiated by in-

flight communication to the receiving facility. In view of the high noise

level associated with helicopter operation, special monitoring equipment is

necessary to take, in-flight blood oressures. Telemetry equioment, which is ___":"_..'

helpful with medical emergencies, has not proven cost-effective with

polytrauma patients.

The concepts of paramedic triage and helicopter transport ndve, of _".___.__

course, developed in the military. Many of the paramedics and medical S .

evacuation helicooter pilots in the civilian sector were in fact trained in

the military during the Vietnam conflict. Future confrontation involving the -

use of tactical nuclear weapons could be associated with a pattern of injuries

bearing greater similarity to multiole-organ-system injuries seen in blunt A _

civilian trauma. Dealing with a large number of such injuries will require

highly organized patient selection and triage. The complexity of the problems

associated with this multi-system trauma have increased the demands on the

military care system, both in theater and back at CONUS. This eventuality is

being addressed in part, in the de,,telopment of the Civilian-Military

Contingency Hospital System. Civiliar trauma center experience suggests that

great care must be, taken to catalog the exact resources and staffing potential

of all institutions involved. Irving Fell, M.D., in Michigan, has created

what is considered to be the most thorough and comprehensive catalog of burn

beds available in the United States. This tyoe of information should

certainly be considered 'in developing an evacuation plan for combined

radiation and trauma injuries. Extensive oreplanning would be necessary to

properly organize the care of large numbers of multiply injured soldiers -.

during the various phases of their care.

TRANSPORTATION

Successful treatment of multiply injured patients with evolving

hemorrhagic shock requires rapid transport to the definitive care facility.

The value of helicopters in this effort was clearly established in Vietnam.

The technoloqy has been developed in many areas of the United States, and has 0 0
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shown to be particularly valuable in the movement of victims of vehicular

accidents on our highways. As mentioned above, the deoloyment of helicopters , 0

must be coordinated by central communications centers. Several models for

helicopter use have been established. The oldest system, in Maryland, employs

state-police helicopters, which are stationed at bases scattered around the

state. The medical evacuation function now represents 70% of their flight , *

hours. Their ships are Bell Jet Rangers and Hueys. They have a two-man

state-police crew, comprised of a oilot and an advanced ENT-paramedic.
Placing the helicopters at a distance from the hospital precludes routine

flights by doctors and nurses to the scene, but they can shorten the time . ..

between helicopter dispatch and patient arrival at the trauma center.

The hospital-based helicopter system is represented by the Life Flight

program at Hermann Hospita1 in Houston, Texas. They have a group of three * .

Twin A Star helicopters stationed at the heliport immediately outside the

Emergency Center. The crew in this case includes the pilot, a flight nurse,

and a surgical resident. This program also employs a Lear jet and a Navaho
fixed-winq aircraft for long-distance medical evacuation. In the case of both

of the programs mentioned, the comnnication center is used to alert the

trauma admitting area of the expected a:rlval time and the condition of

incoming patients. Information on these patients can be updated during the

flight. Such cowmunicc:tion is essential to create a state of maximum

readiness for immediate treatment of the patient on arrival. 6 0

The military overseas medical evacuation in the modern era is generally

accomplished with the use of C-140 transport aircraft that have been adapted

with the use of special conversion kits for this purpose. Consideration will

have to be given to possible modificat'on of these conversion kits to

facilitate the accommodation of multiply injured patients with combined

radiation and trauma. This includes the necessary equipment for ventilatory

support and physiologic monitorinq. Due to the complexity of this equipment,

a limited number of aircraft would have to be permanently set up for the

function of transporting the more seriously injured.

69

* 0



Massive overseas evacuation requiring activation of the Civilian-Military

Contingency Hospital System would necessitate the use of a central

administrative triage system. Efficient. and safe placement of a large number

of patients by this system would require constant communication regarding the

availability of various types of hospital beds.

RESUSCITATION AND EVALUATION

The first few hours of activity that occur once the patient reaches the

trauma center are extremely critical. Purlng this period of time, .Q

resuscitation and evaluation are accomplished. The majority of multiple-

organ-system injuries are associated with evolving hemorrhagic shock.

Resuscitation 'and evaluation of these patients become a race, wherein blood

and fluid replacement and diagnosis of major bleeding points must be done fast * .
enough to avert the development of irreversitle shock. This mission can be

accomplished only if an adequate number of experienced personnel are present

in readiness upon arrival of the patient. Each member of the team must have

specific duties for proceeding in an orderly and efficient manner. They * *
should operate according to predetermined protocols that incorporate goals for

the resuscitation.

Following endotracheal intubation, aggressive ventitatory support should

be instituted, utilizing volume cycle control positive-pressure ventilators

with associated positive end expiratory pressure. Such aggressive

prophylactic ventilatory support can helo prevent the worsening of the post-

traumatic respiratory derangement. Additional intravenous lines should be

started to permit more rapid fluid infusion. The choice ,f crystalloid or

colloid fluid for resuscitation is still controversial. It appears certain

though, that increased caoillary permeability associated with a shock state

will allow the large high-molecular-weight orotein molecules of colloid to

pass into the interstium. In cases of severe hemorrhage, life-savinq blood

transfusions may be necessary orior to the availability of prooerly cross-

matched blood. The University of Maryland Shock Trauma Center addressed this

eventuality by installing a bleod bank refrigerator in the admitting area,

which is stocked with units if 0-negative uncross-matched blood. Patients
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presenting with hypovolemic asystole should have an imediate emergency .,.,_-_-

thoracotomy in the admitting area, to permit direct cardiac massage and cross .

clamping of the supradiaphragmatic aorta. Use of naso-gastric drainage, Foley

catheterization, and EKG monitoring should be accomplished at this time.

The first priorities for evaluation and treatment are stabilization of .,* ..

the cardiovascular, pulmonary, and neurologic systems. Following this,

careful systematic review of all body areas is conducted. The cervical spine

in all of these patients must be protected with a semi-rigid orthosis like the

philadelphia collar. All -patients are considered to have cervical spine

injuries until proven otherwise. The collar is kept on until this pr f is

obtained, which in some cases may take several days before the C-7 T-1

junction is visualized. Protocol for radiographic examination is included in

the fcllowlng order: lateral cervical spine view, upright chest X-ray (in the .

absence of any indications of spine injury), and AP view of the pelvis. These,

studies are the most- valuable screening X-rays, and should be performed in

exactly that order. At this point, a thorough neurologic examination should

be conducted, and injured extremities should be splinted and elevated. The -

combative patient must be restrained so that he does not pull out all his

tubes. It must be remembered, however, that hypoxia is a frequent cause of

restlessness.

Forty-percent of polytrauma patients seen in large blunt trauma centers

have significant head injuries. Early computerized axial tomography is essen-

tial to the discovery of extracranial mass lesions and their early surgical

evacuation. If cerebral contusion is diagnosed, the management of the patient

will be facilitated by the insertion of an intracranial pressure-monitoring 0 *

device. This procedure must be done in the operating room. The

intraventricular catheter or Richmond screw can be inserted as an initial

procedure. The presence of this device for continuous intracranial pressure

monitoring wi'l facilitate long hours of general anesthesia, during which - --

neurologic .xamination can be completed. Steroids, hyperventilation, and

appropriate fluid therapy can be used to reduce cerebral swelling.

7 1
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Diagnosis of intra-abdosninal injury by classic techniques of physical

examination is difficult and untellable in this settinq. Concurrent head and0

chest injuries, associated drugs and alcohol, and the limitations of time all

lead to errors in diagnosis and to unnecessary mortality, if these patients

are treated like those with abdominal pain.. The mini-laparotomy and lavage
technique substantially improves diagnostic capability for intra-abdoniinal

bleeding. This procedure can be performed in the admitting area. After

directly exposing the peritoneum through a small incision, a peritoneal

dialysis catheter is directly inserted. A liter of lactated Ringers is
infused and then evacuated. The effluent can be checked for color, cell.,~ *
counts, and enzyme levels. This is a remarkably sensitive technique,,.and even

small amounts of blood can be detected, making the incidence of false negative ..-

taps very low. On occasion, blood from a retroperitoneal hematoma will leak
into the abdominal cavity, causing a false positive tap. This occurs

particularly in the face of major pelvic fractures. The most difficult

injuries to control for the abdominal surgeon are a burst liver injury and a . -

massive pelvic fracture. These are highly vascular areas with diffuse

circulation, and they present major challenges for hemostasis. Most other

injuries can be controlled by repair or removal.--

Angiography is an extremely important aid to diagnosis and treatment.

Patients with widening of the mediastinum on the upriqht chest X-ray should

undergo aortic arch angiograohy. During this-anqiography, it is easy to shoot6

the celiac axis and pelvic vessels as well. With the, advent of digital

angiography, angiographic data can be obtained in a much shorter period of-
time. In many instances, the surgeon can be provided with a road mao of the

bleeding before he enters the abdomen. Angiograohy becomes therapeutic in the

case of pelvic fractures, where selective catheterization can be used to
embolize bleeding arterials with autologus clot, gel foam, and metal coils.

Arteriograohy has not been found to be reasonable on a routine basis for major

pelvic injuries. Only those pelvic fractures that show continued demand for

transfusion after stabilization by external fixation and fluid replacement

should be considered for this modality.

_*
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Treatment of spinal injuries will require the collaboration of neuro-

surgeons, orthopedists, and physiatrists. Unstable spinal injuries should be

treated by early spinal realignment and stabilization. Oecompression of the

spinal elements is better achieved by this method than by laminectomy. Spinal * .

stabilization provides the best medium for recovery of injured and edematous

neural tissue. Adequate stabilization often requires internal fixation.

Special techniques and Instrumentation have been developed to accomplish this

mission. The results of studies at The University of Maryland suggest that

completion of this surgery within the first 9 hours following injury

substantially improves the extent of neuroloqic recovery.
6,7

Maxillofacial injuries occur frequently and many groups have an interest

in this part of the anatomy. So the division of responsibility for care of

these injuries often becomes a major political and administrative exercise.

Vascular injuries require the cooperation of the vascular surgeon and

orthopedist. In cases of complete ischemia, the anglography, vascular repair,

and skeletal stabilization must be performed expeditiously in order to

preserve the limb. Major open fracture with lkss of soft tissue and bone is a

frequent occurrence in these patients. In r,.cent years, the technique of

external fixation has been the object of renewed interest and investiqation. -0

Many centers have shown that the treatment of these major open injuries can be

substantially improved by the use of "primary external fixation, serial

debridement, and staged tissue reconstruction. There was a bad exoerlence in

the military during World War II with the external fixation systems available 9
at that time. Since then, there have been substantial improvements in the

design of external fixation systems and growth in the understanding of their . . :. :

use. The military would do well to consider reincorporation of this technique

into its surgical armamentariuw..

Primary care of the multiple-system-injury patient following initial

definitive surgical treatment generally requires the cooperation of several

groups. The general surgeon-traumtologist has primary responsibility for the
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patient's care. A growing legion of intensivists, usually anesthesiologists,

is now ready to share this responsibility by offering expertise, particularly

in the area of ventilatory support. Critical-care nurses assume an important

function during this phase. They are with the patients constantly, and

develop a close attachment to the patients. Their involvement goes beyond

observation and nursing treatment. They become advocates and coordinators,

and act as an interface between the patient and his many medical specialists.

Many trauma centers today are struggling to develop systems of

computerized documentation and data collection for multi-system injuries, and

the subsequent analysis of clinical information could be sustantially aided by

computer technology. The medical establishment is far behind the business and

military spheres in its utilization of computers for information handling.

The development of the injury severity score has given us a means to compare

the results of various centers.8,9  We have learned much from the experience

of previous wars. The military, which is in a better position to adopt

computerization, should consider adopting the injury classification schemes

and the severity score system utilized for civilian trauma.

Selection and transportation of seriously injured patients to a

designated trauma center with necessary resources, staffing, and experience in

the treatment of polytrauma, can improve the overall care of these patients.

Many lives that were previously lost in the field and in the hospital are now

being saved by the utilization of these methods. Unfortunately, in some of

these cases, patients will survive only for a few weeks and then will succumb

to sepsis and multiple-organ failure. Continuing research will be necessary

in the areas of host defense and cellular metabolism following trauma to solve

these problems.
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DISCUSSION PERIOD WiMh I. BROWNER. .

DR. WILLIAMS: We have four trauma centers in Massachusetts and it is
from that base that I make these observations. First we have to be careful of .• -

some of our generalities. I, haveing spent considerable time with the
military, and agree that we have learned a great deal about trauma from .
military experiences, but I would remind us that at the end of World War II we

were absolutely certain that packing liver wounds was a disgrace. It took us

30 years to learn that that was incorrect information.

And, secondly, although I believe in them, you have to remember that

in two of the studies patients were picked up and eventually died with ruptured.

spleens. That requires only a knowledgeable surgeon, not a trauma center.

Those are my observations; now three queticns. Ynu said early that

the people learn at the site of the accident to judqe severity so they can

triaqe. I would challenge that. I think the data on classifications,
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Champion's Index and all of them are very secure. You can judge outcome

beginning at the scene. More importantly you can, from a classification point * *
of view, judge the severity of the injury by using paramedics and EMT at the

scene.

Don't you really believe that one of the advantages of regional slystems is

the classification so that we compare patients one from another?

I believe in trauma centers, but we must be concerned as to whether

trauma centers really have improved outcome.
.p .

If you look at the post emergency room patients leaving the hospital,

you have substantial trouble proving that any, trauma center has made a

significant impact on outcome. On this there is almost no data and I think we

had better be careful of our presumptions regarding trauma centers. O

Len Jacobs, has shown that if paramedics treat trauma at the scene

you can improve the classification of the injured patient to an improved level

from which we presume better outcome would occur but this has not yet been * *
shown.

Patients who don't bleed to death from trauma, may later die of
sepsis. Possibly the thing we should be looking at in combined injury, as well

0 •
as trauma, is what happens systemically to the patient within hours of their
injury so that we may predict outcome. Is that not also possibly one of the

advantages of trauma centers?

* 4
.o I believe in them, but I think before we sell the world on them we

had better be a lot more self-critical.

DR. BROWNER: I aqrp with you that we have to go further in terms of

proving the effectiveness f regionalized systems. But I think that there are ..

already in existence . number of studies, by Trunkey end his associates out in

California, where They compared the San Francisco General system to Orange

County before it became organized as a Level II trauma center. The cases that

died were the ones where things like ruptured spleens were missed.
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Unfortunately, in many systems, where you just pick the patient up and take him-
to the nearest Emergency Room, things like that happen. They miss things that.

are terribly simple, like ruptured spleens because many of these hospitals are

not used to dealing with poly-trauma patients. Physicians have to be called in

from some distance and problems like that can occur. .
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\ INTRODUCTION

The response of the gastrointestinal tract to physical and psychological

aqression is initially characterized by an inhibition of its motor and O

secretory activity. The subsequent response is highly variable and depends on

the type and intensity of the stimulus. In the present review, we will

consider only the effect of ionizing radiation and of surgical trauma on

aastrointestinal motility and secretion.," ', ,

I. EFFECT OF RADIATION

Radiation sickness is characterized by an array of symptoms that are .

produced by the action of ionizing radiations (Figure 1).
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Fic I - Schematic two-dimensional representation of incapacitation (hatched
area) compared to absence of symptoms (clear area) as a function of radiation
dose and time. (After G.A. Grant, A.P. Cairnie, P.K. Harding, M.T. Gridgernan,
W.D. Rider: A predictive study of the incidence of vomiting in irradiated
military personnel. DPEO Peport P17, Octobhr 1979.
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During the first hours that follow exposure, a prodroml syndrome

characterized by nausea and vomiting is corimonly observed. These symptoms can * .

occur after total body exposure of 1 Gy or more, and usually disappear after a %

few hours. 2  The pathophysiology of this syndrome as well as the concurrent . ..

motor activity of the stomach and small intestine are largely unknown.

After exposure to low doses of radiation, the prodramal syndrome is

followed by a remission which may be permanent if the dose received is less

than 1.5 Gy (150 rads). However, if the dose is sufficiently high, a

hematopoietic syndrome will appear after a few days.. If the dose is even .

higher, the bone marrow suppression will be accompanied by a major .* ..

gastrointestinal syndrome which is characterized by di,*rrhea and melena. If

the subject survives these acute and subacute effects, he my subsequently

develop radiation esophagitis or enteritis. In addition, the risk of

gastrointestinal cancer and leukemia appears to be increased. -

In the present paper, we will discuss only the changes of gastrointestinal

motility observed during the prodromal syndrome.

1. nIausea and vomiting. These are te most prominent symptoms observed

immediately after exposure to ionizing radiation. It is a complex process

coordinated by the central nervous system and involving the respiratory and

gastrointestinal systems. Vomiting is usually preceded and followed by

hypersalivation. It can be produced by very low doses of total 60Co

teletherapy and even lower doses of neutron irradiation. In the dog, the Ell 0

for vomiting varies between 1.7 Gy3 (170 radsl and 5.4 Gy (540 rads). It is

observed in 90 to 100% of the dogs exposed to 8 Gy (800 rads)
5. _ _ •

The mechanism by which irradiation produces vomiting is unknown. It may

be induced by irradiation of various parts of the body, although the effect is
6,7decreased if the upper abdomen is shielded ' 7 . fonetheless, radiation may

still elicit voniting after complete excision of the stomach, small intestine

and colon8 , Padiation-induced vomitino is. prevented by the suroical resection

or thermal coagulation of an area of the medulla located imrediately under the

floor of the fourth ventricle, the chemorpceptor triger zone (CTZ In "
1Ccontrast, shieldiiig of the CTZ dops not prevent vomiting . Based on these
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observations, it is possible that ionizina radiations stimulate the CT7

indirectly, either through the activation of the peripheral end of afferent 6 •

nerves or through the release of one or several humoral 4actors. By analogy

with vomiting produced by apomorphine and certain cardiac alycosides, the CTZ

would then send impulses to the vomiting center (VC), which is located in the

lateral reticular formation. The VC would then initiate the complex motor , *
events characterizing retching and vomiting, i.e. coordinated movements of the

respiratory muscles accompanied by an inhibition respiration.

In the dog, vomiting caused by ionizing radiations can be effectively
5prevented by domperidone . This protective effect is similar to that afforded
4by resection of the CTZI and is compatible with a direct effect of the drug on

that area of the brain. Indeed, domperidone had been shown to bind with

cerebral dopaminergic receptors. However, since it does not cross the blood- "__'_"_-

brair barrier, it reaches only the areas of the brain that are outside this .

barrier11. Since the CTZ is known to have a "le~ky" blood-brain barrier, it

can be reached by domperidone. Since domperidone does not easily reach the

striatum 11  it is devoid of extrapyramidal side effects such as the ones

observed after metoclopramide. In addition, contrary to neuroleptic agents, it .

does not modify the state of vigilance. Thus, domperidone could be used to

prevent radiation induced vomiting with no predictable side effects. Several

studies performed in man have suggested that domperidone was indeed effective
12in decreasing nausea and vomiting encountered during radiotherapy . _

Unfortunately, no double blind design was used and this shortcoming may be very.

important -in a situation where psychological factors are known to be very -

important. Thus, it would be very important that additional studies be

performed in man using double blind administration of domperidone and other

antin-usea agents and/or placebo.

2. Gastrointestinal motility. The mechanical and electrical activity of

the stomach following exposure to radiation is largely unknown. In contrast,

the effect of irradiation on small intestinal motility has been extensively
2

studied in rodents. An increase in tone and motility was observed immediatelv

after exposure to doses as low as 100 rads. This effect appears to be related

to the direct effect of radiation as it was prevented by shielding of the

intestinal loop 2. Vomiting produced by apornorphine or other stimuli is
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preceded by slowing and/or suppression of electrical activity 13 and relaxation

of the stomach, the latter being abolished by vagotomy14'15. Apomorphine

induced vomiting is also preceded by initial suppression of the electrical
16,17activity of the duodenum followed by bursts of antiperistaltic activity

As a result, intragastric pressure is decreased and intraduodenal pressure is

increased18. The above mentioned changes in gastrointestinal activity

following apomorphine are believed to be induced by central mechanisms

involving the dorsal nucleus of the vagus, which are in the immediate vicinity

of the CTZ and VC. Therefore, it is possible that stimulation of afferent

nerves or the release of humoral factors that cause radiation-induced vomiting

are also responsible for the activation of the vagal nuclei or other central

nervous system centers. In turn, these centers would modify gastrointestinal

motility either through the stimulation of the inhibitory fibers of the vagus

nerve 14 or through the release of humoral agents.

Gastric emptying is suppressed within 20 min of exposure to ionizing

radiation and remains low for at least 3 hours. This phenomenon is observed

both in species that do not vomit such as rodents 2,19,20 and in those that do
d 5  moky 21

vomit such as dogs and monkeys. In addition, intestinal propulsion is

increased immediately after irradiation but is depressed during the subsequent

3 days2. The mechanisms of these effects is unclear. The radiation-induced

suppression of gastric emptying is not prevented by pretreatment with

domperidone. In rpntrast, this medication suppresses the delay of gastric
23 24emptying induced by apomorphine or dopamine . Therefore, the dopaminergic

receptors of the CTZ or of the stomach do not appear to be involved in the

radiation-induced delay of gastric emptying. In addition, since vomiting can

be suppressed by domperidone without improvement of the radiation-induced delay

of gastric emptying, it appears that the two symptoms are independent of each

other.

3. Gastric secretion. In monkeys, whole body irradiation with gamma

photons (8 Gy) abolishes basal and stimulated acid output from 40 min to two
21hours after exposure However, basal and stimulated acid output has returned

to normal 2 days after irradiation21. In contrast, acid output is suppressed
?5

for 3 to 10 days in pigs receiving 1.1 Gy
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II. EFFECTS OF SURGICAL TRAL9 __"_A_-

I. Experimental Models

The effects of trauma and surgery has 'been extensively studied in rats, "

dogs and men 2 "3 2 . A delay of gastric emptying was demonstrated in all 3 a *
species. The abnormality causing this delay in emptying was demonstrated in

all 3 species. The abnormality causing this delay in emptying is unclear but -

appears to be related to an inhibition of mechanical and electrical activity.

In addition, acid output is enhanced in dogs following surgical trauma27, which -

may explain the increased frequency of peptic' ulcer and gastrointestinal

bleeding observed after trauma33. However, it is possible that changes in

blood flow also play a role in the production of gastrointestinal bleeding

after surgical trauma34. -

2. Pathophysiology -.

a. Adrenalectomy. Circulating catecholamines are elevated after ___:____:

30* *
surgery However', adrenalectomy does not suppress the ileus observed after

30
surgery, although it virtually abolishes plasma levels of 'catecholamines
From these' observations in the rat, it can be concluded that circulating,

catecholamines do not play an important role in the pathogenesis of

postoperative ileus. • *

b. Chemical sympathectomy. Intravenous administration of 6-OH-dopamine

produces complete sympathetic denervation of all the organs located outside of

the blood brain barrier. It also completely prevents the appearance of

postoperative ileus' Thus, in contrast to the circulating catecholamines,

the norepinephrine released at the sympathetic nerve terminals is necessary for

the occurrence of postoperative gastrointestinal paralysis.

'--9-
c. Sympathetic neuronal activity. Norepirephrine turnover reflects the

sympathetic activity in a given organ. The rate of synthesis of norepinephrine
14

can be measured following injection of its labelled precursor, C-tyrosine.
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Similarly, the rate of catabolism of norepinephrine can be measured by blocking

the synthesis of norepinephrlne with -methyl-para-tyrosine. By using both

methods in rats in whom gastric emptying was suppressed following surgery, wet e28,29,-",. . .
demonstrated that sympathetic nerves were hyperactive at that time2 ,'.'. .

3. Treatment
26. -

In dogs postoperative ileus was prevented with bretylium26, a drug that

blocks the release of norepinephrine by nerve terminals. In man, the

combination of - and -Adrenergic blocking drugs was also effective in

preventing or suppressing postoperative ileus31. . .

SWM

Exposure to ionizing radiation is immediately followed by important -- ..-

modifications of gastrointestinal function. The first symptom to occur is

probably vomiting, which is accompanied by hypersalivation, coordinated

activity of the respiratory muscles and inhibition of respiration. This

vomiting is believed to be mediated by nervous centers located in the medulla,

and can be, suppressed by pretreatment with dopamine antagonists. Before and

after vomiting, the functions of the gastrointestinal tract are markedly

disturbed. Gastric motility is inhibited and intestinal propulsion is

reversed, resulting in delayed gastric emptying. In addition, gastric acid

secretion is suppressed., The exact duration of these symptoms is unknown but

animals do not vomit after 3 hours (monkeys) or 6 hours (dogs) and gastric

emptying and secretion is normal 2 days after irradiation with 8 Gy (80 rads). ..

Surgical trauma is also followed by profound changes in gastrointestinal

functions. Initially, the stomach and intestines are completely paralyzed.

Depending on the intensity of the trauma, this paralysis lasts between a few

hours to several days. Small intestinal motility usually recovers first, while

the stomach and colon remain inhibited for a longer time. Ir addition, acid

output is increased which may be responsible in part for, the high incidence of

bleeding peptic ulcer in surgical and trauma patients.
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The effect of combined trauma and irradiation on gastrointestinal function .

is unknown. It is expected, however, that the gastrointestinal tract will be .

paralyzed. In contrast, the effect on acid output is unpredictable, as trauma

and irradiation have opposite effects.
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DISCUSSION PERIOD W!TH DR. DUBOIS."

OP. KAPLAN: In the first study you gave the domperidone pre

-radiation. Have you done any studies giving it afterwards to see whether the

effect is the same or different?

PP. DUBOIS: No, we have not. But Dr. Court in France, has tried it.

He found that the drug was less effective than when given before exposure.

Apparently you need to give domneridone before exposure to afford maximum

protection.

PP. HAPFOPP: Is the radiati n effect or the qastric ileus a dose

related effect and, if so, is there a linear relationship? Have you studied

the effect of lower doses?

OP. riJPOTS: No, so far we have nct • 0
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DR. HIRSCH: Do you have any thoughts about acid proJuction in the

tomach? ,O *
OP. DUBOIS: The question has been addressed In recent studies

)erorwdin monk~eys by Dr. FPanquechin Porval. We found in monkeys a

;uppression of gastric emptying like In the dogs. In addition we found that

icid levels were suppressed. * L
Interestinly enough, there was a delay in the suppression of acid.

that is, whereas emptyinq was suppressed, by the time the monkeys were back "

from the exposure room, it took an additional 20 to 30 minutes for acid

suppression to be observed. I would like to comment about some additional

results Drs. Dorval, tueller and I have recently obtained in monkeys. Plasma

beta-endorphin levels were found to have Increased tenfold. Injections 'of

endorphins at doses similar to plasma levels do not induce vomiting. These

observations should be viewed cautiously as plasma levels may reflect release

of endorphins very close to specific receptors, i.e. brain. Therefore, the A .. ..

intravenous injection of endorphins may not produce high local concentrations

at the receptor site. To further evaluate this one should inject endorphin
into cerebral areas sensitive to endogenous opiates such as the chemoreceptor __- ,.__-....

zones or the vomitirng, center. .. ..

A* a
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CM OF "EULLY INMED VICTIMS OF A TIHERONUCEAR EXPLOSION

JR" Z. KAPLAN

Medical Director, Alta Bates Burn Center, Berkeley, California 94705, USA

- INTRODUCTION

" Nuclear war or accidental non-hostile nuclear explosion would obviously
rank among the greatest disasters to affect mankind. In addition to massive
numbers of casualties, depending on the circumstances, our ability to care for ,

these casualties might also be affected. Despite the predictions of doomsday
soothsayers, nothing is accomplished by burying one's head in the sand.

" Therefore, 'we must give consideration to how victims of a thermo-nuclear

explosion would be cared for.

" The burn pat;ent, no matter what the etiologic agent of his injury,
requires massive support in both personnel' and supplies. Nursing and
paramedical staffing of a burn center is frequently at a higher ratio than even

an intensive care unit. Daily pharmaceutical and dressing supplies are
. frequently ordered by the case, even for an Individual patient. There ere

currently under 2000 designated burn-care beds and approximately 175 burn
centers in the United States. On any given day, approximately one-half to
three-fourths of these beds are occupied; therefore, one would expect o-'v 500

to 1000 readily available burn beds in this country. Ohvlously,other beds can
. obviously be used for the treatment of burn victims, but the treatment of burn

patients outside of an organized burn-care program requires an even greater
than usual personnel ratio.

Estimatin of exact numbers of military victims in a nuclear conflict is

difficult, but z-ne can safely assume that the numbers would be in the thousands
rather than hundreds. A nuclear Pxploslon within the continental United

States, depending on its location, could produce a groat number of victims and
destroy some of the ability to care for those victims. In addition, normal
supply channels, including production, distribution, and transportation, would
be expected to be Impaired. Based on the above assumption, it is almost
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inevitable that triage based on military rather than civilian principles would

have to be instituted, whether or not the injuries were- due to warfare or

accidental nuclear detonation.

The severity of a burn injury is related primarily to the extent and depth

p of the burn wound. Other factors, such as age and the prior health of the

patient, smoke, inhalation, and associated injuries, may also affect the outcom

of a burn injury.

3 The extent of a burn wound may be rapidly estimated or precisely

calculated. Rapid estimation of the area of the burn wound is provided by *The

Pule of Nine's.. This technique divides the body surface into areas of

approximately 9%. Each upper extremity (the hand, forearm, and upper arm)

comprises 9%; the head and neck, 9%. Each leg comprises 18%, and this may be

divided into the front and back surfaces or above and below-the knee, 9% each.

The anterior chest and abdomen comprise approximately 181 or 2 times 9%.

j Totaling these areas gives 99%; the additional 1% is primarily assigned to the

* groin. It must be emphasized that the rule of nine's applies only to adults,

and It becomes more and more inaccurate as the age of the victim, decreases
below 15. ith the use of the rule of nine's, however, a rapid estimation of

. the extent of a burn wound may be made. In patients with massive burn

" injuries, it may be more useful tO use the rule of nine's on the unburned area

and then subtract that percentage from 100%.

For more precise calculation of the percentage of burn wound surface ares,

the chart developed by Lund and Browder is utilized. This chart divides the

body into multiple areas of varying small percentages. After the patient has

been initially cleaned and debrided, tN' wounds are very carefully 'sketched

• ; out, and then an estimate Is made of the percentage of the given area involved.

I! For the arms, rather than taking 9% as the total estimate of the arm, it is

broken down In the adult to 4% for the upper arm, 3% for the forearm and 21%

for the hands. Breaking it into the smaller areas all:'.3 a nmre precise A _
estimation of the body surface area involved.

Once the extent of the burn wound has hopn calculated, it is important to

know the depth of the burn wound. Rum wounds are qenerally classified in
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three depths, namely, first, second, and third degree. Historically, as many

as six depth classifications have been used, and today many people use four

degrees of depth. Occasionally, the burn wound is defined only in terms of

partial or full-thickness injury.

In the first-degree burn wound (sometimes referred to as superficial),

partial thickness is the mildest form of burn injury. Only the most

superficial layers of the skin (epidermis) are injured. The first-degree wound

is red and mildly painful. It requires treatment only for alleviation of pain,

and rarely has any medical significance. In a severely injured burn patient,

first-degree wounds are generally'ignored in calculating fluid resuscitation

requirements and survival statistics.

Second-degree burn wounds compromise a very wide range of injury, from a
relatively superficial burn, which will heal in a few days, through an

• extremely deep second-degree burn, which will require a skin graft for optimal

* healing. The skin is blistered or may be weeping profusely if the blister has

been broken. These wounds are generally painful, are bright red in appearance,

I and blanch easily when pressed with a finger. The superficial second-degree .O

. wounds will heal within a few days to a week, and generally develop minimal

scarring. There may be temporary changes in pigmentation or skin color,,

particularly in a dark-skinned individual, but normal color and skin texture-

return within a few weeks to occasionally a few month's time. D

Moderate-depth second-degree wounds are generally quite painful,

blistered, and red to pink in appearance. They are sensitive to pin prick.

These wounds should receive medical attention, and generally take 10 days to

3 weeks to heal. Should the moderate-depth second-degree wound become

infected, the wound may progress to a full-thickness or third-deqree injury.

The deep second-degree or deep partiel-thickness injury is the deepest

burn wound from which spontaneous healing is possible. The deep second-degree

wound is mottled pink or white, but may not blanch on pressure. The skin still

has a relatively normal consistency on palp.a'?ion. These wounds are frequently

90t .!__



I I  , • ?,

anaesthetic to pin prick and generally are not painful; however, there may be

pain as.-.-ated with this injury. Small areas of deep second degree may be

allewed to heal spontaneously; however, this healing will take 3 to 6 weeks or

more, and nearly always produces significant scarring. The deep. second-degree

burn is frequently treated by early excision and split thickness grafting ofthe burn wound .. . =.

Third-degree injury, or full thickness, is complete destruction of the

j skin. This wound is charred, brown, or pearly white in appearance and will not
change color on pressure. The skin has the feel of leather, or parchment, with

very little or none of the *stretch of unburned skin. These- wounds are-

anesthetic, as the nerve endings have been destroyed. Third-degree wound-

always require medical attention, and if larger in size than a quarter, they,
will nearly always require skin grafting. Third-degree wounds always leave

' residual scarring, even if a "perfect" graft procedure is performed.

The term fourth-degree burn may occasionally be seen. Those who use this
term imply that the burn involves muscle, bone, or other deeper structures.

This term, however, is not widely used or universally accepted.

Without additional factors, a patient with a burn of 15-2M or less of

i body surface can usually be resuscitated with only oral fluids, and could he

treated on a outpatient basis if absolutely necessary, even though this might

not be optimal under the usual circumstances. Victims at the other end of the

• spectrum with third-degree burns in excess of 40% of the body surface or total

burns in excess of 60% of the body surface are unlikely to survive without

massive and optimal medical and surgical support. Unfortunately, I have to

reconend that they not be treated at all in a mass disaster situation.

Likewise, those victims with burns and/or injuries and severe smoke inhalation

S injury will require massive support, and must be triaqed to a non-treatment or

i comfort-treatment aroup. It is those patients with burns between 15!! and 60%

for whom feasible care allows a reasonable r.hance of survival.

.i
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CARE OF THE VICTIM OF A COMBINED NUCLEAR AND THERMAL INJURY

Acute burn care begins with an assessment of the burn victim for

associated injuries. No matter how extensive, an acute burn wound is not

immediately life-threatening. Smoke inhalation and intoxication, or airway

obstruction due to trauma to the face or neck, or massive exsanguination,

whether external or internal, will result in the rapid demise of a burn

patient. In a mass disaster situation, however, it is unlikely that these

patients would survive until they can be reached by paramedical or medical

personnel. But if they do survive, then immediate, on-the-scene care is

absolutely mandatory, no matter how minor the burn injury is. In addition to

thermal and physical injuries, victims of a nuclear explosion would also

sustain radiation injuries of varying degrees. Victims close enough to a

conventional weapon or within the sphere of an enhanced radiation weapon would

manifest symptoms of radiation exposure that depend on the actual received

radiation dose. Victims receiving rapidly lethal radiation doses would

probably exhibit radiation sickness by the time they are reached, and would be

triaged into expectant groups. Those patients receiving eventually (but not

immediately) lethal exposures would not appear different from non-radiated burn

victims and would receive immediate care in an identical fashion.

Initial medical care of radiated burn victims would be similar to that of

non-radiated victims. Clothing and debris on the victim might be contaminated

with products of fission, and need to be decontaminated in a fashion identical

to that in a non-burned but irradiated or contaminated victim. Removal of

clothing and showering or bathing the patient will remove all significant

external radiation sources.

The initial care of a burn victim beyond assessment and correction of

immediately life-threatening associated injuries lies primarily in fluid

resuscitation. Many formulae for fluid resuscitation have been proposed.

While there have been considerable research and clinical presentations as to

the necessity or value of colloids in initial resuscitation, the current

consensus is that an adult patient may be adequately resuscitated without the

use of colloid-containing solutions such as plasma or plasmanate. Both
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slightly hypotonic and hypertonic formulae are currently in use. Resuscitation

with Ringer's lactate in quantities of 3-4 ml/percent of body surface burns/kg

of body weight provides excellent restoration of circulating volume that has - .

been depleted through third space losses. The advantage of this resuscitative.

formula is that Ringer's lactate is a standard readily available fluid, and if

the urine output is titrated to 40-60 ml/hr in the adult, sigrificant blood

chemistry abnormalities are unlikely to occur. The disadvantages: of the

Ringer's lactate resuscitation are the massive volumes of fluid required and

,the swelling that may occur, necessitating escharotomies of the extremities to

prevent acute compartment syndrome. In addition, the swelling may result in

massive facial or neck edema, necessitating intubation or tracheostomy for

al rway management.

Hypertoni¢ resuscitation using HLS (hypertonic lactated saline) has been

advocated to provide the necessary sodium without excess water, This solution

is made by adding 100 mEq of sodium lactate to 1 liter of normal sodium

chloride. The advantage of hypertonic resuscitation is that swelling is

minimized, thereby minimizing or eliminating the need for escharotomies and,__"". .

decreasing the incidence of ileus and respiratory distress due to pulmonary

edema. The disadvantage to hypertonic resuscitation lies In the need to i-.

carefully monitor electrolytes, which may be difficult in a mass casualty

situation. The estimated volumes for HLS are calculated on the basis of 0.55

mEq of sodium/kg of body weight/percent burn, but the urine must be carefully

titrated to 30-50 ml/hr.

From the above discussion, one can infer that either Ringer's lactate or

hypertonic lactated saline is a suitable resuscitation fluid if the normal

hospital system is intact. On site in the field, or if a nuclear explosion

occurs within the continental United States, Ringer's lactate would be

preferable, due to its ready availability as a standard fluid and the great3r

leeway for imprecise administration.

Indwelling intravenous lines provide a colonization site for bacteria

during the transient bacteremia produced by manipulation of the burn wound.

Therefore, the lines should be placed in conditions as close to sterile as,

possible. In addition, these lines should be removed as early as possible, and
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the patient placed on oral maintenance as early as a functioning G.1. tract

will allow. Peripheral intravenous lines are frequently difficult to start in

burn victims, and central vein catherization may be necessary. If a central
line is begun under less than sterile conditions, it should be replaced as soGn,

as practical upon arrival at a hospital setting.

Foley catheterization of the bladder should be performed on patients with
burns greater than 20%, but if supply is a problem, measurement of urine output

may be done by encouraging the patient to void approximately every 4 hours.
Those patients with burns greater. than 40% body surface or those with burns of

the perineum must have an indwelling catheter inserted as early as possible, as

late catheterization may be difficult if not impossible.

Nasogastric intubation will be required on those patients to be air-

evacuated; otherwise, this may be left to the discretion of the treating
physician. "

CARE OF TiE EUR WOUN-I.

Care of the burn wound in the burned and radiated patient is no different

from any other burn patient. As soon as possible or practical, the victim
should be gently bathed to remove loose non-viable skin, remnants of burned

I clothing, and external debris, which may or may not be contaminated with

radioactive products. Standard techniques of collection and disposal of

contaminated materials should be utilized. Although residual radioactivity due
. to fission products and fallout may be present on the burn victim, once

preliminary decontamination by washing has been carried out, the residual

radiation will have minimal if'any significant effect on medical personnel. So

all standard procedures should be carried out as though the patient were a
normal thermally injured burn patient.

At the scene of the casualty, no specific burn wound therapy is necessary.

If facilities are available for cleansing the burn wound and applying a topical

chemotherapeutic agent, silver sulfadiazine is currently the most useful anti-
microbial agent. This agent can be smeared on the burn wounds using a sterile

4or clean gloved-hand, and treated with either open or occulusive dressing.
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These dressings should be changed daily or every other day, depending on the

amount of exudation present and also on the availability of the topical agent

and/br dressings. While the patient who has been exposed to lethal or

sublethal radiation is more prone to succumb to infection thaw is a similar

non-radiated patient, the initial wound care and appearance will be identical

to those of the non-radiated burn victim.

Concomitant injury may be expected in the patient who has been burned and

irradiated. Lacerations and fractures are likely due to the blast injury.

Treatment of these associated injuries should follow standard military medical

practice. Grossly contaiI'n.ted, lacerations should be gently cleaned, debrided,

and dressed open. Fracture should be reduced, and held by either external

splints or pins incorporated into traction or external fixation devices.

Circular casts must be avoided because of the predictable swelling during -

resuscitation as well as the need to frequently examine burn wounds.

DEFINITIVE HOSPITAL CARE OF THE BURN VICTIM

Definitive acute hospital care of the burn victim is marked by a

comparatively long course of very specialized, if not intensive, care. Daily

wound care consists of meticulous cleansing of the burn wound, gentle

debridement of non-viable tissue, frequent surgical intervention to debride or

excise the burn wound, followed by skin grafting. As previously mentioned,

this care is labor-inte',sive, and requires a very large store of supplies.

Early surgical excision and grafting of the burn wounds provides a means for --

earlier burn wound closure and therefore decreased morbidity and mortality from .-.,-

a given injury. Unfortunately, this technique of early excision requires a

high level of operating room support, and results in blood loss approximacing

one unit per percent of body surface excised. In selected patients with small,

localized, deep burrs, this technique is the procedure of choice in a mass

disaster situation. However, its utilization would probably not be feasible

for those patients with moderate-sized burns.

Infection is the most frequent and most significant complication that any
burn patient faces. Victims of a thermoni clear explosion would be at

particular risk for infection due to multiple factors. Embedded foreign
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material, as might be driven into wounds by a blast effect, is well documented

to increase the risk of infection. Delay in obtaining proper and adequate 0

medical care may allow progression of an initially contaminated wound into an

early infected wound, thereby necessitating therapeutic rather than

prophylactic care. The mass influx of casualties would undoubtedly overload

most hospitals or medical systems and aseptic technique would likely be .0

compromised. The patient load for each medical/paramedical personnel would

significantly increase the risk of hand-to-hand cross-contamination, and it is

this source that is the most frequent form of burn wound contamination.

Antibiotic availability for treatment of established infections might be *
compromised as well.

Radiated burn victims who do not sustain a rapidly lethal CNS syndrome may

develop gastrointestinal or hematopoietic syndromes. In addition to the

hemorrhage and fluid loss of the gastrointestinal syndrome, transient

bacteremia due to impairment of mucosal barrier integrity may occur. Coupled

with the propensity of the burn patient to develop life-threatening infections,

the decrease in ability of the radiated patient to mount an appropriate

cellular mediated response to infection may result in a significant increase in

mortality and morbidity.

All other aspects of burn wound care in the burned radiated patient are,

similar to those in the burned non-radiated patient. Delay in wound healing is 0

accelerated in the burned radiated victims, and slight breakdown and possible

carcinogenesis of burn scars may occur, but the basic care is unchanged.

In summary, care of massive numbers of burned irradiated victims is a * 4

logistic rather than medical problem. Given adequate supplies and personnel,

the care is not difficult, but it would need to be adjusted, depending on

availability of care facilities. For nuclear as with all other types of burn

etiologic agents, prevention is far preferable to treatment.
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DR. HIPSCH: I have a question for Dr. Carmichael. What medical
preparedness, if anything, was organized, or what type of instructions were .

given by the British Command to the Medical Corp regarding possible massive
numbers of burn casualties? , . ..

DR. CARPICHAEL: I think we would have, been hopelessly overwhelmed
if we had received massive nun-bers of 'burn casualties as could be associated

with the use of limited tactical nuclear weapons. As it was, over 14 percent " W.

of our casualties were burns due to missile attacks on ships. We had a problem

of dealing with, on one occasion, 159 burn patients arriving in 3 hours. It
was a logistical problem. There weren't any technical difficulties in treating

the burrs.

We would have, I think, been hopelessly overwhelmed if we had been in

that situation. As it was, over 14 percent of our casualties were burns due to

missile attacks on ships. Logistically we had a problem there of dealing with,

on one occasion, 159 burn patients arriving in three hours. It was a

logistical problem. There weren't any technical difficulties in treating the

burns.
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THE MANAGMENT OF SOFT TISSUE INJURIES
IN THE COMBINED INJURY PATIENT

ERWIN F. HIRSCH

Associate Professor of Surgery, Boston University School of Medicine and
Chief, General Surgery, Boston City Hospital, Boston, Mlassachusetts

The management of soft-tissue injuries has challenged trauma surgeons O .

since the early times of the contemporary era. However, despite the advances

in resuscitation, surgical techniques, antibiotics, etc., the simultaneous

development of sophisticated weaponry of war, increased incidence of motor

vehicular and industrial accidents, and increased incidence of crime have kept -

the issues of soft-tissue-injury management in the forefront of trauma surgery.

Moreover, the possibility exists, however remote, that with the greater use of

domestic and foreign nuclear energy, major industrial accidents could occur.
Also the misuse of radioactive material by untrained hands may generate a

combination of general trauma in association with total-body irradiation, which

challenges trauma surgeons to develop strategies for the care of these

patients.

The/physiological response to a combined-injuries scenario in humans is by

and l/rqe unknown since few cases have ever occurred. However, extensive

animal experiments indicate that non-lethal radiation injuries convert to a

let+al or near-lethal model when associated with conventional trauma or burns.

Tle mechanism of de.th of these animals is characterized by uncontrolled sepsis

a~d other classicil manifestations of the acute radiation syndrome.

"'The purpose of this discussion is to address the specific procedures

associated with the management of soft-tissue injuries and to incorporate

thoughts applicable to the combined-iniury scenarin. i

MANAGEMENT OF SOFT TISSUE INJURIES

Conventional managemert of significant soft-tissue injuries is

characterized by the following:
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Appropriate resuscitation and full evaluation of injuries in the

Emergency Department

Early intraoperative repair of vital structures with thorough

debridement and profuse irrigation of all areas

Discussion of the appropriate timing and methodology of wound

closure.

The experience gained in the Second World, Korean, and Vietnam Wars, as

well as in civilian trauma centers, clearly indicates that the time interval

between injury and operative management is related to the likelihood of the

development of septic wound complications and mortality.

A number of Eastern European investigators, looking into the issues of the

combination of different types of trauma and radiation, established that for

these experimental models, the optimal window during which surgical procedures

can be successfully performed is different than for conventional trauma. Some

of their experience indicates that the surgical correction of life-threatening

and other injuries should be carried out as soon as possible following the

combined injury (0-4 days) and that more elective "procedures" should be

postponed until late in the convalescent period (2 to 3 months).

Established guidelines for the management of victims of skeletal trauma

and total-body irradiation indicate the principles of resuscitation: Airway,

breathing, and circulation should supercede all other clinical considerations,

with the exception of a simultaneous attempt to determine the radiation dose

the victim received by dosimetry, early blood count, or detailed recording of

the signs and symptoms of the acute radiation syndrome.

Interoperative management of soft tissue injuries is characterized

by the following:

Control of hemorrhage

Repair of vital structures,

Conservative excision of the necrotic skin

Aggressive debridement of poorly profused subcutaneous tissue with

removal of foreion bodies and clots

The exposure of muscle groups by incision of fascial plains

Aggressive debridement of all non-contractile muscle
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,* Copious irrigation

Quantitative bacteriological samples of the wound

Unfortunately, the extent of debridement cannot always be determined at

the time of initial therapy. This problem is more acute when the injuries are

produced by missiles or crushing mechanisms. In those instances, it is

appropriate that the patient be returned to the operating room within 48 hours

from the initial surgery for wound inspection and further debridement if

* necessary.

owor CLOSURE

' Primary closure of soft tissue injuries is never to be practiced in combat

*surgery, and it is of questionable validity when the mechanisms of injury'are

such that kinetic energy will result in swellin and/or edema with compromise

of the circulation. Furthermore, in the event of loss of skin, attempts to

*. approximate skin edges uniformly results in further skin necrosis.

The practice of delayed primary closure extensively developed during the

Second World her is still the most connon optior for dealing with some of the

large soft-tissue injuries. However, in order .o approximate the skin edoes

without tension, 4 to '0 days may elapse between injury and the tlosure,

which is a window of time that seems inappropriate in the patient with a

combined injury.

Other alternatives of wound cloture include the use of flaps, for which

specialized training Is required, or the use of biological dressings.

The closure of the traumatic wound emerges as the most challenging of all

surgical therapeutic efforts in the combi:ted-injury patient. This challenge is

characterized by the relatively small period of time following injury when

surgery :an be safely performed, and the experimental data indicating the

increasee mortality in the absence of wound closure.

A clinical protocol that is not new to the non-military trauma surgeon

could be the foundation for the care of the combinei-injury patient. This,0

protocol would (1) aggressively resuscitate the patient to minimize any
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additional deleterious effects of hypovolemic shock in the combined-injury

patient; (2) proceed with appropriate surgical procedures for specific

injuries, including soft tissue injuries (3) return the patient to the

operating room in 48 hours, obtain quantitative cultures, and if the wound is

clinically clean, proceed to graft all defects with autologous skin; and (4)

remove dressings at 96-120 hours, and if the wounds were appropriately

debrided, skin grafts should have closed the wounds.

In the event that further debriderent Is necessary at 48 hours, the
previous sequence of procedures could begin at 96 hours. -

Death following thermal injury, if not associated with failure of
- resuscitation or inhalation, is sisociated with burn wound gepsis. The

excision of a potential area from which sepsis may propagate and the early

closure of the wound should serve as a basis for the development of

- experimental models in total-body radiation and burns.

* swI*".
SOM,0

"* In sumanry, the management of soft tissue injuries should be characterized

by (1) aggressive resuscitation, (2) dosimetry, (3) debridement of soft-tissue
injury, and (4) return to the operating room at 48 hours for further debride-

ment if necessary or closure of the wound with a split-thickness skin graft.
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WRITTEN FOR JN F. BURE BY ERWIN F. HIRSCH

Boston City Hospital, Department ,." Surgery, Boston, MA 02118, USA

INTROMUCTION

Despite significant advances in medical technology (such as recognition of

physiological derangements, use of topical bactericidal agents, and improved

surgical techniques), the care of the thermally burned patient remains a

constant challenge to the medical profession. Review of the mortality and

morbidity from burn centers across the United States indicates that mortality '.

is usually associated with failures of resuscitation, a significant inhalation

injury accompanied by pulmonary insufficiency, or one of the different

manifestations of sepsis in the burn patient.

Systemic sepsis in the burn patient that is not due to nosocomial

infections or pulmonary injury is usually associated with a colonized or
infected burn wound. Rurn woune! sepsis in some degree is present 'in most burn

wounds beyond the 54h day regardless of topical therapy. However, burn wound

sepsis manifests itself only if the bacterial count exceeds/ 5 organisms per
gram of tissue.

Padiation in~iurles as a result of industry, accidents, or warfarp have

occurred durina the past 40 years. The comb.ination of thermal hurns and whole-

body irradiation (MYT) is a real concern in the event of war, terrorist attack,

military accidents or a number of industrial mishAps relatpO to the Pu .r

industry. The syrergistir PffPcts of hurns and VIST have bohn M ,rnt-strated by

several investloators. Stardard burn models In rir. als with a rnrtalitv of

20!, when corbined with sublethal doses of rdiatinr, result in sionificant

mortality usually associated with zenpsis.
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CC m10. OFmN WWU SEPSIS

Control of burn wound sepsis has traditionally been attempted by the use
of topical bacteristatic agents developed In the past 30 years. Despite the

increased use of such agents, control of burn wound sepsis has not been

uniformally successful. Furthermore, these topical agents, some of which are

toxlc in nature, have not totally sterilized the burn wound.

Management of the burn wound can be either aggressive or conservative.

Conservative management of the burn wound requires a period of 3 to 4 weeks
before deep partial-thickness burns are healed or the eschar of deeper wounds
has mtured sufficiently so that separation occurs and a viable recipient

surface for an autograph is available. The physiologic and metabolic -

consequences of this period of tine between burn and wound closure have been

well described, and are characterized by a constant catabolic state reauiring

significant metabolic support to prevent sepsis or multi-system failure.

Since 1974 the concept of early excision of the burn wound has regained

I scientific and medical acceptance as described by Burke and his associates. 1

During the past 8 years, a number of centers throughout the United States have
adopted the early excision programs for the care of the burn patient.
Simultaneously, other major burn centers have indicated that this type uf
aggressive management does not significantly alter the course of similar burned

patients treated in a more conventional fashion. The indications at the

*; present time, in those centers supporting the concept of primary excision of
• : the burn wound, are full-thickness burns or deep partial-thickness burns that

require more than 3 weeks to heal. The procedure requires immediate autologous

. skin grafting and the availability of skin from the patient or other materials

to close the wound. Conseq uently, the availability of skin to close the wound

' determines the magnitude of the excision. The operative pmcedures require

specialized equipment, specialized anesthetic, kno;%s.dqe of unique suroical

- techniques, and significart operating room time. The results of such

techniques have been anelyzed by the retrospectlve review of patients as well

C as by experimental models. Hunt, Baxter, and others revir-wa their
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experience in split-thickness skin grafting of deep burns of the upper

extremity, and concluded that this procedure accomplishes the preservation of

tissue, prevention of wound infection, maintenance of function, and early wound "

closure.?

Heimbach and his associates reviewed their experience on early surgical .0

excisions of the burn wound by comparing burn patients who sustained comparable

injuries, they concluded that early excision of the burn wound significantly

decreased burn wound colonization, burn wovnd sepsis, the number of days the.

patients remained on Chloramphenical, and length of time in hospital. However,

they concluded that the patients who undervient early excision required

significantly laroer volumes of transfused blood.4  The immune and metabolic

response in the standardized burned guinea pig was addressed by Burke and his

associates. The results established that animals whose burn wounds were

% excised and then closed sustained much less weight loss, compared to those who

were burned and the wound remained untouched. The animals that underwent

excisions were free of sepsis. Those that were burned and cared for with

topical silvadene developed wound sepsis at day 8. Those that were burned and

received no treatment developed wound :Ppsis at day 5. The immune response of

these animals was evaluated by comparing of the weight of the thymus and the

relative thymus activity by establishing DF'A synthesis. Thymus weights were

significantly different in the burned, excised, closed animal when compared

with the other models. Simultaneously DPA synthesis was significantly

increaced In those animals that underwent excision from the' Rth through 12th

day after burn.

The available literature on burns indicates that the rationale of primary

excision of the burn wound is chellenoed by several investigators. The belief

of these investiqators is that Oepp partial-thirkness burn wounds will heal

adequately without functional defects if treated with appropriate topical

antibacterial therapy. Vith prcper topical care, full-thickness burns can be

allowed to nature and then be graftpd when necessary, without chances in

mortality or morbidity.
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It is not the point of this presentation to challenge or argue the care of
the non-irradiated burn victims. If one accepts the concept that sublethal O
radiation exposure when associated with a sublethal burn has an increased

mrtality in animal systems, then early excision of potentially septic tissue
and closure of the wound should improve the outcome. The logistics and

validity of such a program for treatment of combined injuries, the distribution

of resources, and the feasibility of practicing this type of clinical activity

* in the presence of multiple casualties requires further research, development,

and establishment of appropriate policies. -.
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DISCUSsION PERID VIM O. MUE

Editors' note: Dr. Burke presented material concerning the problem of burn

wound sepsis, but was unable to provide a manuscript for this publication.

Therefore, Dr. Hirsch prepared the preceding sumary of this topic.

DR. CAMP: Dr. Burke, have you scaled your dermal equivalent up to

industrial production yet so that it can be mass-prodiced?

DR. BURKE: The Marion Laboratories have scaled it up to industrial

production, but have been prevented from dispensing it by the FDA. I hope that

within the very near future we can begin to send it out to organized centers so

we can get experience in addition to ours in Boston.

DR. CAMP: Do you know anyone who is working on maggot enzyme

systems?

DR. BURKE: No I don't, nor had Ithought" of maggot enzyme systems

before our friend from Holland showed us.

DR. MESSERSCHIMTDT: I know from our experiments with irradiated

animals that the open wound is very dangerous. Tf you close the wound, our

animals will survive. T know that war wounds cannot be closed. Therefore, we

are always looking at any method to close wounds in an irradiated individual.

DR. BURKE: T think we have 1ll learned from experience, in military

disasters and otherwise, that you get into sepsis troubles by closing wounds

that ought not to be closed. The important point here is that when a surgeon

talks about closing a wound, he is talking about closing it in a definitive
way, both anatomically and physiologically. Perhans that is more complicated

than is needed to do immediately after an injury, because we do not have to

solve the -iatomic problem irimediately in the wound closure area, except

po<, 'blv in the aortic irea. In skin wounds we do not have to solve the

anatomical problem immedi3tely. However, you do have to solve the physiologic

1
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problem's. If you do not solve the physiologic problems, then we are off to the

septic races. I want to be sure that you understand that there are a lot of

approaches, with artificial skin being one.

OP. HIRSCH: This will not work unless all of the necrotic skin is
excised. Yes, it is true that war wounds or high-velocity wounds cannot be

closed. Howevsr, in addition to learning tow to cover the wound, we are going
to have to better learn how much one has to excise. Unless the excision of the.

devitalized tissue is complete, neither that coverage nor any-other coverage is
going to work. '* _

We may need to chance our terminology, redefine our definitions, and
reach within the first 24-48 hours a viable physiological surface to which some

type of wound closure can be applied. That surface might be artificial sk"in or-

autologous graft. But we must not go back to the traditional -wound closure,
which some people think is just putting two edges of skin together.

DR., BAINES: With the exception of a full-thickness burn, wat is

your posture toward treatment of the site of injury until you get to some type
of expert help? In particular, I refer to antibiotics, a torary cover, and -. :

keeping the wound moist versus dry.

DR. BURKE: Some kind of physiologic cover has to be put on. And

unless you can get rid of all of the dead tissue, as Dr. Hirsch has said,,, you
have got to do something to prevent the bacterial growth in that: area.

Although I have no experience with antibiotics and' artificial skin, for
instance, I think that may be one approach. There are plenty of bacteria in the
world, however, and there is no antibiotic that T know of terat will kill them

all off. It may be better than nothing, but it is not goine to be e definitive

solution. Reardinq wound closure, we must re-establish. noral physiology.

rather than anatomic integrity immeiately. You have to do something to

- . -. ..
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INTROOUCTION

Mannitol, furosemide, prostaglandin E2, and verapamil have been

demonstrated to be protective against ischemic acute renal failureb1T4)-." " "

Although the functional improvements in such renal parameters as glomerular e.

filtration rate and tubular reabsorption of sodium are clearly demonstrable

after therapy, the cellular mechanism(s) that underlie tee decreased renal

function are not well understood. These pharmacological agents exert multiple

physiological effects, and it has been difficult to attribute their protective * 4

effect(s) to a comion mechanism.

However, new insights into the protective role of each of these drugs

have been derived from our sequential studies of mitochcndrial function during

and following Ischemia in both the intrarenal noreplnephrine model (NE; 0.75

mg/kg/min) and the renal artery clamp model (45-50 min) of ischemic acute

renal failure (ARF) in dog and rat, respectively. n the presence of an-.

adequate supply of oxygen, mitochondria serve a rimary role in energy

metabolism in normal cells. Oxygen deorivation during ischemia prevents high

energy phosphate (ATP) generation, i.e., oxidative phosohorylation, by

mitochondria. Studies from our laboratory have examined mitochondrial

function during ischemia and from 0 to 24 hr after reflow. We chose 40-50 min

of ischemia since shorter periods do not result in ARF and longer periods

usually result in irreversible ARF. Therefore, this approach appeared to

closely mimic reversible ARF in man. The experiments were designed to

demonstrate protection or attenuation of the renal ischemic damage.

Our focus on mitochondrial function was based on the supoosition that

ischemia may prevent mitochondria from forming sufficient ATP to permit full

restoration of cellular functions. For examole, with little or no ATP, cell
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membrane pumps, which maintain normal ionic homeostasis, cease to function.

As a result, cells gain Na+, Cl-, and Ca++; lose K+ and POa; and swell. 7.

Swollen cells, especially in vascular tissue, may contribute ta the reduced.
renal blood flow of ischemlc ARF. Swollen tubular epithelial cells may form . .

blebs and collicult, which contribute to the casts and tubular- obstruction -

that characterize ischemic ARF. 40

Finally, the oxygen-dependent loss of ATP synthesis and the- concomitant

increase of intracellular Ca++ may activate calmodulin and phospholipase -

activity. This latter event is expected to contribute to the wecess of cell

necrosis. For these reasons, in addition to mitochondrial respiration, we

also examined mitochondrial Ca+ + content, uptake, and release in normal and

ischemic kidney tissue.

MATERIALS AND NET1M .4

Mongrel dogs and Sprague-Dawley -rats were used in these studies of.
ischemic ARF. In the dog, unilateral renal artery infusion of epnephrine

(NE; 0.75 mg/kg/mtn) for 40 min resulted in reversible ischemic NIF. In the
rat, bilateral renal artery and vein clamping for 45-50 min was used to create

the reversible ischemic ARF model. In the rat model, both kidneys were
insulted in order to provide enough renal tissue to perform the ,witochondrial -

studies. In the dog, the cortex of the ischemic and contralateral kidney was

separated from the medulla. After scissor mincing in the cold and subsecuent.

centrifugation, a very pure preparation of mitochondria was obtained, enriched

5-C times over the original homogenate. In the rat, the papilla was separated
from the kidney, and the remaining kidney tissue including cortex and outer -

medulla was prepared as described above. Sham-operated animals served as

controls.

Mitochondrial function was assessed by measuring State 3 respiration (AOP

stimulated, oxidative phosohorylation), 3tate 4 respiration (succinate

stimulated), and uncoupled (FCCP) respiratioit. Oxyqen electrode methodology
was used to assess rates of 02 consumption.
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Ca++ content of mitochondria and renal cortical tissue was determined by

atomic absorption spectroscopy. Ca++ uptake and release rates by normal and m

lschemic mitochondria were determined by Cal electrode methods.

Longitudinal studies were statistically compared by regression analysis;

in addition, paired and unpaired Student's "t" tests were used when * .

appropriate. Values reported are mean + 1 SE, and significant differences

occur when p <0.05.

RESULTS A .

In Table 1 are shown the GFR and RBF recovery patterns after various

treatments that prevent this NE nodel of ischemic ARF. Although in many

studies no data at 24 hr are presently available, it is generally assumed that

the recovery, seen at 3 hr, will be sustained in these models, as has been

demonstrated for mannitol and verapamil.

TABLE 1. EFFECT OF VARIOUS DRUGS ON THE PREVENTION

OF NE-INDXCED ISCHEMIC ARF

GFR (ml/min) RBF (ml/min)

Pre NE Post NE (hr) Pre NE Post N (h"r)
Control 3 2 Control 1 3 24 Ref

None 22 2 4 3 221 .87 138 148 (1)
Furosemide* 50 - 28 - 296 - 374 - (2)

(pretreatment)
Furosemide 58 - 15 - 322 - 281 - (2)

(posttreatment)
Mannitol* 26 1 8 18 220 70 174 191 (1) m

(systemic)
Mannitol* 34 - 9 24 345 207 178 205 (3)

(intrarenal)
Verapamil* 29 16 31 270 200 - 181 (4)

(pretreatment)
Verapamil* 24 14 18 225 210 220 - (4)

(posttreatment)
Prostagladin E2* 38 - 20 - 166 - 101 - (5)
Bradykinin* 45 - 25 - 290 - 104 - (6)
Secretin 35 - 4 - 282 - 144 - (6)
Acetylcholine 44 - 6 - 255 - 262 - (2)

*Protection to GFR demonstrated at 3 or 24 hr post ARF
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We have also examined mitochondrial respiratory functiom and Ca++

handling after ischemic ARF. These data are presented in Table 2. Clearly, 7.

both mmnnitol and verapamil exert substantial protection to renal cortical

mitochondrial function at 24 hr post ischemia, a time when functional

improvement is also seen. The results, however, did not distinguish whether -

(1) the poor mitochondrial function and Call overload seen at 24 hr were

simply the result of cell death, or (2) the Call overload actually caused the

mitochondrial respiratory dysfunction and thus cell death. Our next series of

studies sought to examine these two questions.

TABLE 2. NITOCORIAL RESPIRATION AND Ca++
HANDLING AFTER NE-INDUCED ISCIEMIC ARF

MITOCHONORIAL RESPIRATION MITOCHONORIAL CALCIUM
(natoms 02/mg/mn) (nmoles Ca++/mg/min) (nmoles/mg)

S4 S3 FCCP Uptake Release Content

Control 22 115 210 360 0.47 44
NE 24 hr 6 16 30 30 23.00 101 " "
Mannitol 24 hr 15 72 107 198 0.70 55
Verapamil 24 hr 19 115 107 305 0.60 43
(pretreatment)
Verapamil 24 hr 18 100 171 325 3.00 52
(posttreatment)

To answer the question of whether Call overload precedes mitochondrial

dysfunction or vice versa, we conducted a series of studies in rats.

Bilateral renal artery clamping was undertaken for 45 min. This ischemic

insult resulted in a progressive rise in serum creatinine and blood urea,

nitrogen, which peaked at 24 hr. There was a clear (r = 0.81) inverse

correlation between the rise in serum creatinine (at 1, 4 and 24 hr) and the

fall in mitochondrial respiration; oxidative phosphorylation (State 3) was

most severely inhibited.

A strong correlation (r =0.89) was also found between the decrease in

respiration and the rise in mitochondrial Ca++. Thus, there was a parallelism

between the decreased mitochondrial respiration and mitochondrial Call

accumulation over the entire 24 hr post-ischemic period.

. . .... .

V -



The relative importance of mitochondrial Ca++  and mitochondrial "

respiration therefore becomes important. If, indeed, this mitochondrial Ca++

accumulation, which appears to occur during ischemia, prevents adequate

mitochondrial respiration, then it should be possible in the absence of ,' . -,

ischemia to load mitochondria and to observe a reduction in mitochondrial

respiration. We have performed these studies in a model of chronic (8 days) -

hypercalcemia in normal rats. This procedure results in a two- to threefold %-%

increase in mitochondrial Ca++ and a significant although not lethal decrease

in oxidative phosphorylation. It seems possible, therefore, that the overload

of mitochondrial Ca++  following ischemia is the cause of the reduced .. .

mitochondrial respiration. If this is so, then prevention of Ca++ overload by

calcium membrane blockers (i.e., verapamil) before or after ischemia may prove - -

to exert a protective effect and enhance recovery from ischemic renal injury.
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OISJSSTOI PERIO VITH R. SClRIER

DR. SCHRIER: Verapamil was given afterwards. We have given
furosemide and mannicol afterwards also.

l.t is clear that you have to intervene early. In all of the clinical
studies, it was found that if one waits until the creatinine rises to six or

eight, one can give almost anything they want and cannot attenuate the inju;y.

We have 40 patients that were given furosemide ad 18 of them

converted to non-oliguric renal failure and had a mortality of 20 percent
versus 50 percent in the patients with oliguric renal failure. Morbidity was

much lower in the non-oliguric patients. The ones that converted had

creatinines around three. The ones that did not convert had creatinines around
5.5.

So it appears that one has to mke a diagnosis early using urinary
indices and then Intervene. We may not have the right combination yet. The
right combination may be both mannitol and Verapamil. It could also be AM

Dopamine and mannitol, or chlorpromazine, or magnesium ATP. There are a number r
of potential clinical studies that I am sure will be initiated within the next
few years.

DR. CATRAVAS: You mentioned that the levels of ATP are very much
reduced. Since there are three different sites of ATP formation in
the electron transport chain, I was wondering whether you have attempted to
determine which of these sites is affected. _

DR. SCHRIER: We have not done that yet, but it is on the drawing
board.
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INThODUCTION

Ever since the classic studies of Blalock in the 19301s, it has been
recognized that the clinical picture of circulatory shock is Odependent upon

an inadequate blood supply to the tissues ef the body,* and that failure of

the microcirculation has been said, by many, to be the pivotal event in' the

shock syndrome (see references 2-6, for recent reviews). But, if we do indeed

recognize the latter as a sinequanon, then why can't we adequately treat and

manage all patients effectively? Moreover, why can't we prevent the sequelae .

of agonal events (Table 1) that take place secondarily to surgery? In

addition, why, in particular, are tht lungs, liver, kidneys, and brain so

vulnerable to permanent damage in low-flow states subsequent to trauma and

surgery?

* - - Although there is at present no agreement among shock experts"' as to the

etiological or sustaining mechanisms of low-flow state syndromes, evidence has

accumulated to suggest that circulatory shock induced by such diverse, factors

as trauma, hypovolemia, cardiac tamponade, and septicemia, among others, often

results- in renal failure, liver failure, and a coiditlon known as "sfiock
lung.wrThe compromise of such divers,, organ systems has led to the concept

that shock is a condition of multiple organ failure , "Since the intim-al

surfaces of the vascular system in the form of endothelial cells (EC) and

reticuloendothelial system (RES) cells are vital to preserve (and protect) the

integrity of organs and tissues, it ivist he entertained that these cell types

could be pivotal in the etiology and progression of shock syndromes, as has

been suggested recently.X1,6 " T* '
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This paper will focus on the importance and i nteraction of ~C an!4 R~
cell function with microcirculatory integrity and function in s"'o': aPd
trauma.

* RETICIJLOENDOTHELIAL SYSTEM FUNCTION IN SIMO AND TRAUMA

Since the characterization, morphology, ultrastructure, immunochemistry,
I:. pathophysiologjy, and biochemistry of the RES are imoortant conceptually and

are beyond the space limitations of this review, the uninformed reader should
Iconsult several reviews and monographs. 7, 8,12-1 4  Of all the physiologic

functions (e.g., host defense, macrophagiA, destruction of microorganisms,
removal of circulating tumor cells, participation in the immwune response,
blood clearance of particulate matter and foreign substances, liptid

metabolism, iron metabolism, steroid metabolism, participation in control of
microcirculation and hemostasis) attributed *o RE cells, ohagocytosis has- been

the most frequently studied, and serves as a quantitative assessment of RE
cell function.

During the past 15 years, a considerable body of evidence has
accumulated, in both animals and man, which suqqests that RES phagocytic
indices (i.e., K values or half-times of clearance, amount of oo~sonic a2-
glycoprotein) may provide a diagnostic and prognostic indicator of the shock
syndrome and its response to therapy (see references 3, 6-8, 11, for recent A
reviews). Irresppctive of the form of shock or its etiology, the magnitude of
the RES phaqocytic index parallels the degree of -shock or trauma; i.e., the
greater the doroe of injury or shock, the lower the K value. Suhlects that
eventually die from circulatory shock exhihit depressed RE systems uip until
death. Tn marked contrast to wi'at hanpens in nom-survivors, subject,, that
suirvive these lethal shock procedures show, with time. progressively improvedVPES phAqocytiC indices. Furthormore, usuall1y within ?4-96 hr. such subjectsP
exhibit YAlues that Are inrreased by mno than 100O% over normal control
levels. These hyverfunctlooAl RE systems usually return spontane-ously to

normal witt~m 96-1 hr. K valups and/or the Amount of recnorahle nnsonic ~
-glycoprotpin thus apear to re~flect, fairly accurately, the deqree of tis;sueFinjury And to indicate w~iethpr a %!jhJ~rt will survive or not. The usep of K



values and the assessment of circulating, recoverable opsonic -2-glycoprotein

clinically in man, in low-flow states, should be very promising since RE cell ' .

phagocytic clearances and assay of opsonic -2-glycoorotein are relatively

safe, can be done sequentially, and are fairly easy to do in man.I
5-17

RES CELL-STIMANTS IN S4IM THERAPY VERtSUS RES CELL-DEPRESSANTS

At present, RE cell stimulation seems to constitute the only reasonable

approach to adapting man to the insult of circulatory shock and trauma prior

to his exposure to these body injuries. This could have its greatest value as

a pretreatment of. patients who, on an elective basis, require one of the

massive operative procedures becoming comnonplace in cancer surgery, trans-

plantation, and open-heart procedures. The hiqh mortality and morbidity rates

associated with these and other types of massive operative procedures could

conceivably be reduced by "shock prophylaxis.'

In the past, a number of substances and colloids have been shown to

stimulate RES phaqocytic function in animals (see, e.g., references

3,4,7,9,18,19). A number of these substances ?e.g., zymosan, bovine albumin,

endotoxin, alucan, restim) were indeed found to be capable of protecting

animals against several types of exoerimental shock and trauma; but these are

not suitable for human use, And they are either toxic or non-excretable.7 If,

however, RES-stimulating materials could be found that (a) are not toxic and

are excretable (metabolized), (b) yield siqnificant orotection aqainst a

number of forms of circulatory shock (e.g., hypovolemic, trauma, combined

injuries, septic, etc.), and (c) are compatible for human use, then one could " -'

use such substances clinically. 9

It has been reported that when rats and mice are pretreated for only 1 to

3 days with choline chloride, microaqqreqated denatured human serum alhumin,

qlyceryl trioleate, estrogens, glucocorticoids, or quinones, these agents not j

only effectively stimulate RES ohagocytic activity 125-500 over controls hut

also enhance survival of rodents exposed to several different types of

circulatory shock and trauma. 3,7,8,1l,1l- 30  Althouqh some of thpse

substances, which are all compatible for human use, do not orotect against all
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tyoes of shock. w$en used s~nalv, combinations of these safe RES stimulants

will a-eatly enhance protection acainst nost types of shock, at least in

rats.7,-0

Materials that block or deoress the phaqocytic oowers of RE cells, in

most cases, increase shock mortality. Included among these materials are

lioids, antibiotics, drugs, micro-oroanisns, bacterial by-troducts, and excess

amounts of a variety of colloids (see references 7, 8, 19 for reviews). The

experimental data on RES stimulants orovide a cogent argument for employing

some of these materials orior to elective surgery in patients who either

reauire massive operative procedures or are debilitated (hiqh-risk) and

require minor surgical procedures. In addition, experimental data with

certain vasoactive drugs and oharmacoloqic antaaonists (see below), which are

of therapeutic value in circulatory shock, demonstrate that these aqents

result in RES Dhagocytic stimulation within 1 to 3 hours after

administration. 3 ,7 ,8 , 11,26 -28 ,31-35  Collectively, such evidence (toqether

with other data below) suggest that the RES may reoresent the homeostatic

system serving as a common pathway in different forms of circulatory shock and

trauma.

Is there, then, a oossibility that many of these RES-active substances,

in protection against the lethal sequelae of agonal events in shock syndromes,

may not directly act on RE cells? That is to say, could these RES-stimulating

substances be producing enhancement of RES cell phagocytosis via the synthesis

and/or release of an intermediary substance(s) from some key oraan, tissue, or

cell? In addition, is there a connection or relationshin between RES

function, local requlation of blood flow (i.e. microcirculatorv blood flow),

and peripheral tissue blood flow in low-flow states?
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EVIDENCE THAT RES-$rIIULATIN6 SU STANCES PRODUCE RES CELL PHAG0CYTOSIS-
PRNOTINS SUBSTAICES WHICH EFFECT NICROCIRCULATORY STABILITY IN LOW-FLOW
STATES

Previously, we demonstrated that rats pretreated ,vith choline chloride

(CC) exhibited enhanced RES phagocytic function, increased soleen size, and

protection against hemorrhage.20  In view of these findings, experiments were
undertaken with rats to determine whether the spleen plays a role in CC-

induced RES phagocytic s imulation and protection against hemorrhage.

Although chronic treatment o " intact rats with CC produced the latter effects,

CC treatment of splenectomized rats failed to result in either a stimulation

of RES cell phagocytosis or protection against Ihemlorrhage.?9 Utilizing

several, other forms of trauma (e.g., intestinal ischemia, Noble-Collip, drum
trauma), we have recently obtained qualitatively similar results with chronic

treatment of rats with aggregated denatured human serum albumin,

.Ytriglycerides, estrogens, and certain quinones; i.e., removal of the spleen
A. greatly attenuated the RES cell hyperohagocytic events and the protection

against, shock and trauma (unpublished findings). We believe that such

findings point to a role for some types of solenic cell(s) in both RES cell

stimulation- and shock protection. Since splenic extracts From trauma-

resistant animals have previously been shown to confer orotection to naive

rats and mice against shock and trauma, 24 , 29 there is a real possioility that

a common substance(s) is being aenerated in the spleen, by the action of a

number of these RES cell stimulants on certain cell types. One can then %

envision that the active substance(s), after being released from the spleen,

would then be free to promote phaqocytosis and act on the microcirculation.

These tenets are now being tested in our laboratory. Since the liver, or the

Kupffer cells, were not observed to hypertroohy with our RES cell stimulants,

it must be entertained that the unknown released substances could affect

microcirculatory stability, i.e., orevent decomoensatory reactions (Table 1)

from takinqolace after trauma, hypovolemia, seosis, etc.

121

. . . . .. - . ." " . . . . . , . . - -. -



TABLE 1. PROGRESSIVE HEMODYNAIC PHASES OF SHOCK SYNDROMES

Progressive Phase

Compensatory

Ischemic hypoxia
Reflex arterial, orecapillary, and arteriolar vasoconstriction .
Arteriolar-venular shunting
Venous vasoconstriction

Stagnant Hypoxia

Gradual fadinq of precaoillary and arterinlar vasoconstriction * .
Sustained venular constriction
Proaressive decline in venous'return
Progressive fall in arterial blood oressure
Fall in cardiac output

Decomoensatory (Refractory Irreversible)

Arteriolar and pracapillary vasodilation
Venular dilacion and atony
Capillary and postcaoillary venular pooling
Extravascular shifts of fluid
Microembolism -
Progressive fall in arterial blood pressure and cardiac output

If the latter statement has validity, then RES-stlmulating substances

(such as microaogrecated denatured. human serum albumin), which do not have

vasoactive properties per se, 21 ,22 might be exoected to prevent the loss of

venular tone and venous return noted in the agonal stages of circulatory shock

(Table 1). In other words, such RES cell stimulants should indirectly (via

synthesis and release of unknown mediators) result in beneficial artions on

microvessels and/or microvascular tone. The summary data shown in Table 2 do

indeed in-icate that RES cell stimulation with microaggreqated denatured human

serum albumin in rats resulted in a maintenance of venular tone. Similar

findinqs have been noted, so far, with choline chloride as well. 8,11  Such

experiments sugqest that RES cell stimulants are probably resulting in a

synthesis and release of vasoactive substances that ran olay a role, i.e.,

stimulate RES cells and alter microvascular tone.

S
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TABLE 2. INFLUENCE OF COLLOIDAL ALBNIN PRETREATM4ENT ON SURVIVAL, _

RES PHAGOCYTIC INDICES, AND VENUAR TONE AFTER BOWEL * U
ISCHEMIA AND TRAUMATIC SHOCKa

RES Index Venular Lumen
Group Survivors/Total (K; mean + S.E.) (to + S.E.)

Controls 20/20 0.053 + 0.002 38.5 + 2.5

Bowel Ischemia

Saline 2/20 0.009 + 0.00 3b 49.6 + 4 . 2b

Albumin 16/20 0.043 + 0.004c  40.2 + 2.8c

Trauma

Saline 4/20 0.016 + 0.00 2b 47.4 + 3.1

Albumin 10/20 .0.032 + 0.005 41.5 + 2.9c

aColloidal denatured human serum aggregate albumin (100-200 A diam), 21.6.

* mq/kg i.v., 2 times/day for 3 days. Animals subjected to shock on 4th
gay.., . .. ,

cSiqnificantly different from controls (P <0.01).
CSignificantly different from controls and saline (shocked) animas -

(P <0.01). .

REGULATION OF BLOOD FLOW, VASOACTIVE MEDIATORS, AND RES PHAGOCYTIC FUNCTION

Phagocytic uptake of particulate matter and microorganisms by RE cells,

especially those in shock-taroet orqans (e~q., liver, spleen, lungs, and lymph

nodes), is dependent upon an optimal local blood flow. It is known that local

control of blood flow in different tissues is dependent upon a balance between -

endogenous constrictor and dilator substances and metabolites.3 6-38  The fact

that a number of these bioloqically active materials with vasotrooic effects

appear in the tissues and blood in shock (Table 3), particularly when the

oroanisms becomes refractory to therapy, suqgests that the final functional

deterioration of the cardiovascular system may be due to the specific action

of one or more of these biolooically active materials. It has been suaoested

that such substances affect RE cell ohaqocytosis. Evidence has bpen oresented
demonstrating that acute infusion of a number of these vasoactive
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(endogenous) agents results, within 3-24 hr, in RES depression or stimulation,
depending upon substance. 7  One might therefore ask whether or not small

quantities of these neurohumoral substatoze and/or metabolites, which are
normally present in the circulation, play fundamental roles in requlating

(conferring a tone on) phaqocytic processes of fixed RE cells. On the other ..._._'_,_

hand, the emission of excessive quantities of these substances, on the other . . .
hand, as appears in shock, could exert deleterious (depressant) actions on RE

cells.

Many changes could account for the elaboration of such bioloqically l .I

vasoactive materials, e.g., (a) tissue hyooxia on a systemic or local level;
(b) cellular destruction from ischemia and trauma; (c) altered blood
coagulation; (d) activation of proteolytic enzymes; (e) hormonal (neuro- .

transmitter) discharges; (f) changes in metabolic by-products (e.g., Ca2, 02, . _
H+ , etc.); and (g) failure of RE cells, per se, to detoxify these biologically

active substances.

TABLE 3. VASOACTIVE MEDIATORS RELEASED INTO 8LOO iN SHOCK

AND LOW-FLOW STATE SYNDROME

Amines Fatty Acid Derivatives

Histamines Prostaglandins
Seroton in Thromboxanes
Catecholamines Endoperoxides 0
Acetylcho line Prostacycl in

Lipoxyqenase products
Peptides

Metabol Ites
Kinins
Anaiotensins Lactic acid .
Vasooressin Glycolytic intermediates
Substance P Adenyl compounds
MDFs*
G.I. Tract peptides Purines
Enkephalins, endornhins
Neuroveptides? Adenosine

• Myocardial depressant factors
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Excessive concentrations of these highly active chemicals (Table 3),

particularly when their concentrations are disproportionate in relation. to

each other, certainly must result in an imbalance in many specific homeostatic.

mechanisms, which may then account for some of the total systemic and regional

dysfunction in shock. Since so many of the body's homeostatic mechanisms are

regulated on the feedback principle, it becomes Understandable that these

abnormal materials released in circulatory shock can in turn alter the neuro-

genic and humoral over-activity that released them. '

NAST CELL RELEASE' F HISTMINE PRODUCES LETHALITY AND TOLERANCE Il SHOCK:
RELATIONSHIP TO RETICULOENOOTHELIAL SYSTEM RNCTION

Systemic administration of compound 48/80, a condensation Product of

p-methoxy-N-methyl-ohenethylamine and formaldehyde, into a variety of mammals

is known to rapidly lower arterial blood Pressure and produce circulatory

shock. 39  Although it is known that systemic injection of compound 48/80

results in a potent liberation of histamine from mast cells, 39 pretreatment ".. -'-

with antihistamines does not always result in protection against the lethal

actions of 48/80.40 Moreover, there are a number of in vivo observations that

indicate that if antihistamines do exert protection, this may not be related

to the "truew pharmacologic antagonism of these substances against

histamine.40  It is interesting to note that injection of small but increasing

amounts of compound 48/80 into rodents can produce tolerance to LDIyo0 doses of

this compound.41  In addition, such treated animals become cross-tolerant to r,

endotoxin shock; the mechanism(s) of this tolerance is, however, not known.

In view of the importance of RE cells to host defense, and the dilemma as t i

to how compound 48/80 produces shock and tolerance to circulatory stress, we

decided to examine: (a) whether 48/80 oroduces concentration-dependent

effects on shock lethality, (b) whether the latter was related to the RES

phagocytic functional state, and (c) whether animals made tolerant to lethal

doses of 48/80 were cross-tolerant to lethal whole-body trauma and whether

such animals would demonstrate enhanced RES phaqocytic function.
4 "
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Table 4 indicates the survival rates and RES phagocytic indices for

animals receivinq varying acute doses of compound 48-80 together with those of

saline-treated animals. It is apparent from the K values (determined 30 min

after 48/80 i.v.) that the greater the dose of compour-4 48/80 administered,

the greater is the magnitude of early RES phagocytic depr,._: on, and the lower _,-_.....

is the survival rate. In contrast, animals given 48/80 in increasinq doses 6 .

for 7 consecutive days exhibit a hyperohagocytic RES (almost four fold over

saline controls) and are completely resistant to an LO90 episode of whole-body

trauma (Table 5). Such animals are also completely resistant to the lethal

effects of an LDIOO dose (i.e., 2.5 mg/kg) of compound 48/80 (Table 5).42 ,, S .

TABLE 4. ACUTE ADMINISTRATION OF COMOUND 48/80
INFLUENCES RETICUiLOENDOTHELIAL PIIAGOCYTIC

FUNCTION AND SURVIVAL IN RATS- -

RES Phagocytic
Dose index

Treatment (ma/kq) (mean + S.E.M.) % Survival

Saline 0.053 + 0.002 100
(38) (20/20 )b

48/80 0.05 0.042 + 0.004c 100
(12) (14/14)

0.10 0.038 + 0 .003c 80c
(12) (8/10)

0.20 0.016 + 0.002d 30c
(14) (6/20)

0.30 0.008 + 0.00 2d 0c

(12) (2120)

1.0 0.003 + 0 .001d

(10) - (1120)

2.5 0.001 + 0 . 0 01 d 0c

(10) (0/20)

aNumbers of different animals.
No. survivors/total rats.
cSignificantly different from saline controls (P <0.001).
dSignificantly different from all other values (P <0.001).

126

-.3_-.



TABLE 5. REPEATED ADMINISTRATION OF COMPOUND 48/80
ENHANCES RES PHAGOCYTIC FUNCTION AND RESISTANCE

OF RATS TO WHOLE-BODY TRAUMA

RES phagocytic
index

Treatment (mean + S.E.M.) % Survival

Saline 0.042 + 0.003 100
(18) (15/15)

Repeated 48/80 0.182 + 0.014c 100b

(14) (12/12)

NCDT-traumad 0.003 + 0.001e 10
(12) - (1/10)

Repeated 48/80 + NCDT- 0.155 + 0.015c  100
trauma (12) (15/15)

Compound 48/80 was administered IV in the following doses: 50 jq/100, 1st
day; 100 ug/100 q, 2nd day; 200 ug/100 g, 3rd day; and 300 Ug/100 g, 4th-7th
days

aNumbers of different animals
bChallenged with LD 200 dose (2.5 mg/kg) of compound 48/80 IV

cSignificantly different from saline controls (P <0.01)
Challenged with 850 revolutions of Noble-Collip drum trauma
eSignificantly different from all other values

This clearly demonstrates that graded anaphylactic shock induced by

compound 48/80 produces marked and dose-dependent early phagocytic depression

of fixed macrophage cells. The finding that one can make animals completely

tolerant to LD100 doses of the histamine releaser and mast cell disruptor,

compound 48/80, confirms previous reports.41  That such adapted animals and

histamine-depleted animals, exhibit RE systems that are almost 400% stimulated

over control levels, and are cross-tolerant to whole-body trauma is of special

interest since it supports the notion that RE cell stimulation is involved in

host defense against trauma (vide supra). Our findings could be interpreted

to indicate that RE cells play a pivotal role in the shock-like and shock-

tolerant actions of compound 48/80. Such findings suggested to us that anti-

histamines might be efficacious in shock; if so, these histamine receptor

blockers should result in RES cell stimulation and stabilization of micro-
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circulatory integrity and normalization of venular tone after induction of

circulatory shock and/or trauma.

HI RECET( ANTIHISTAMINES PROTECT AGAINST SHOCK AND TUJ: EVIDENCE FOR
ROLE OF HISTAMINE AS A SHOCK TOXIN AND RELATIONSHIP, TO RES FUNCTION AN
NiCM CIRCULATION

Recently, we have demonstrated that pretreatment of animals with, several

different histamine H1-rPceptor antagonists (e.g., diohenhydramine,

chlorpheniramine, promethazine, pyrilamine, oyribenzamine) exerted siqnificant

protection against whole-body trauma, hemorrhaqe, and bowel , ischImia * •

shock. 2,43,44  Rats and mice oretreated with H2-receptor antihistamines (e..,

burimamide, metiamide) demonstrated an exacerbated mortality after induction

of trauma or shock. The hemodynamic parameters that were assessed paralleled

the beneficial (Hl-antihistamines) and detrimental (H2-antihista-lines) actions

of the histamine antagonists.
43

Our more recent studies indicate that the marked RES phagocytic

depression seen early in shocked and traumatized control rats can be - -

completely prevented by pretreatinq animals with Hi-receptor blockers.45 Pre-

treatment with H2-receptor blockers (i.e., metiamide, burimamide) not only

exacerbates mortality but also results in further decrements of RES phagocytic

depression to a level below that seen in unoretreated rats.
4 5

Considerable evidence has accumulated to suggest that in the early stages-

of circulatory shock and trauma, the arterioles and small muscul'ar venules in

the splanchnic vasculature constrict to comoensate for fluid and/or blood loss

(see 'Hershey and Altura, 1973 for review).46  In view of the latter, we

thought it might be useful to determine whether or not the Hi- and, H2-receptor

blockers could influence the constrictor response of splanchnic resistance and

capacitance vessels in the early staqes of circulatory shock. 42 The data in

Table 6 concerning rats bled to 35-40 mm Hg) clearly demonstrate that Hi- 3jjjj
receptor antihistamines, which protect in shock, prevent microvessels from

over-constricting, whereas the H2-receptor blockers, which exacerbate shock
mortality, exacerbate the degrees of arteriolar and venular vasoconstriction;

the former thus results in an increase in tissue perfusion and blood-tissue

1 2
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exchanges, whereas the "atter results in further tissue ischemla and cellular

damage. -,;

TABLE 6. ARTERIOLAR M VEMJ LUNEN SIZES 45 NIN ,,:
POST-HMNEORRHKM1C SHOM IN RAT PESENTERY
BEFORE AND AFTER ANTIHISTAMINE TREATMENT

After
After diphen- After.-

Micro- Hemor- hydramine metiamide
vessels N Control rhage (1 mg/kqg) '(10 mq/kq' -

Arterioles 6 23.5 + 1.2 12.2 + 0.6a 22.8 + 1.4 4.8 +±.b - I

Muscular 6 46.6 + 2.8 34.2 + 1 . 4a 42.8 + 3.2 24.2 + 1.1

aSignificantly different from controls before hemorrhage (P <0.01)
bSignificantly different from all other values (P <0.01)

Collectively, these results suggest several things: First, histamine-

induced vasodilation via H2-receptors, in shock target-organ regions,. may be a
beneficial affect in cardiovascular decompensation in circulatory shock and
trauma. Second, RE cell phagocytic function parallels the effectiveness of

antihistamine shock prophylaxis and therapy. Third, certain actions of

endogenously synthesized and released histamine on Hl-receptors in peripheral

blood vessels may be detrimental. Fourth, HI-receptors antihistamines can

restore microcirculatory blood flow capillary distribution to normal in

circulatory shock. In view of these data, we believe one must think seriously
about the values of antihistamines as adjuvant drugs in the treatment of low-
flow states and as preoperative medication.

One must now ask whether the specialized cells that line the microvessels

(e.g., smooth muscle, endothelial cells) per se could be responsible for an

elaboration of histamine and/or other humoral mediators?
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EVIDENCE THAT PANRWA LOGICAL.Y ACTIVE, FREE HISTMINE CAN BE SYNTHESIZED AND
RELEASED LOCALLY IN THE NICROCIRCULATION: POSSIBLE RELATION TO ENOOTHELIAL
CE IS

Many endogenous and tissue-synthesized dilator substances have been

suggested to participate in the moment-to-moment regulation of microvascular

tone.36-38,47,48  During the past few years, some information has been brouqht

forth that, implicates histamine as a dilator mediator of reactive or

postocclusion hyperemia.49  Very few studies, however, have been performed at -.-'

the microcirculatory level. Recently we found that the H2-histamine receptor

antagonist, metiamide, could attenuate rather markedly (e.g., 33% to 49%

reduction) a nostocclusion vasodilator response of single mesenteric

arterioles, 20-22 Un i.d. (Table 7).50 In addition, we have now found that'

the more potent H2-receptor antagonist cimetidine, when superfused on rat

mesentery, will result in a 52% to 68% reduction in the postocclusion

vasodilator response seen in single arterioles, 20-22 m, i.d. (Table 7).42 It

should be noted that ,administration of metiamide (or cimetidine) "did not

influence resting arteriolar tone or responsiveness to locally applied PGEI or

epinephrine. These findings are consistent with the concept 'that histamine

may play some role in hyperemic responses.51,52  Further, these results

suggest that these histamine-induced hyperemic responses are probatly mediated

via H2-histamine receptors. In 1935, Barsoum and Smirk reported that, after a

period of complete occlusion of the circulation, the venous blood of man

contained an increase in the concentration of a substance that had the

biologic properties of histamine, thus suoporting the original suggestion- of

Lewis (1927) that an "HO substance may be responsible for reactive

hyperemia.5
1

Although it might be argued that our data with metiamide and cimetidine

provide evidence for the idea that histamine can be synthesized locally by

microvessels (Schayer, 1974) (e.g., in stress and shock 52), our observations

do not provide evidence for the concept that this biogenic anine is

synthesized continuously by microvessels. The failure of both metiamide and . -

cimetidine to alter resting tone, at concentrations known to specifically

antagonize mesenteric dilator responses to histamine, strongly argues against
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the idea of histamine being the sole dilator regulator of the

microcirculation. Although the latter may, in the final analysis, have to be 0

modified, our data together with those reported elsewhere, 6 .9 .10 942 do suggest
that histamine can be synthesized locally by either EC or smooth muscle cells,

or both.
.O

TABLE 7. INHIBITION OF 4E'SEN]IC MTERIOLM POSTOCCLUISION

VASOSILATATION BY SPERFUSIONITH H2 .. ECEPTOR NSTMONISTS

i! Arteriolar lumen size (ws + S.E.M)

Post-occulsion

Antagonist Post-occulsion response with % Inhibition
(Uj/mn) N Control response drug antagonist with antagonist

Metiamlde

10 5 20.8 + 1.0 24.5 + 1.1a 23.2 + 1.3b 33
30 6 21.3 * 0.5 25.4 0.6- 23.4 + 0.6b 49

Cimetidine

2 6 21.3 + 0.5 24 .8 + 0. 5 a 23.0 + 0.8 c 52
10 4 20.4 T 0.8 24.8 ; 1.2a 21.8 ; 0 .6c 8

aSignificantly different from controls (P <0.02) '
Significantly different from postoccusion vasodilator respose (P <0.05)
CSignificantly different from postoccluslon vasodilator response (P<O.01).

IWLICATION OF ENOOTHELIAL CELLS IN OESTABILIZATION - STABILIZATION OF
MICROVASOJLAR INTEGRITY IN LOW-IOW STATES

Since EC line the heart, blood vessels, and capillaries, they must

perforce play a critical role in homeostasis and control for tissue-blood 0

" exchange. Besides performing important physiologic roles in host defense and
as a barrier (Table 8), it is now quite clear that EC play key roles in body
metabolism (Table 9). EC damage has now been implicated in several diseases

of major clinical importance, for example, diabetes mellitus, primary

pulmonary hypertension, hypoxic pulmonary hypertension, thrombosis, acute

renal failure, atherosclerosis, arterial spasm, antiqen-antibody

(anaphylactic) disorders and c.irculatory.4 ,6,9,
10,54
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TABLE 8. ENDOTHELIAL CELL AT RIBUTES

Normal Physioloa Abnormal Physiology

"Wettable" intimal surface "Non-wettahle" intimal surface
(sticking of WBCs and platelets)

Hemostasis - blood coagulation Loss of hemostatic factors -

(thrombi, thromboses, bleeding) " .*

Protective barrier - normal Increased caoillary permeability
capillary permeability (transudation of fluids, plasma)

Synthetic machine Interference with PG synthesis, -

basement membrane formation, 0

proteases, other enzymes, surface
hormone receptors

Maintenance of vascular tone Loss of microvascular integrity and
function

Since EC not only serve as a protecting barrier but are also active

biochemical machines (Table 9), it is obvious that disruption or malfunction

of these cells could result in vascular inJu-y, hypotension, and some of the

sequelae of events observed in the microvasculature of a host subjected to

shock.

There is at present no agreement as to why the lungs, kidneys, and liver

are often comoromised very early after either blood and fluid loss or .

sepsis. 5,6  Often after what the cli"lcian feels has been acceptable treatment

for a *shocked victim,' the patient dies of *shock lunq," renal failure, or

liver failure. Upon autopsy, one usually notes severe congestion and thrombi

formations in these vital organ systems.5,6 ,55  Close microscopic Insoection,

employing electron microscopy, usually reveals that a great many of the EC are

either destroyed, transformed, or have underqone morphological chanqes;

surface membranes of these EC usually undergo very early changes in these

three oraan regions.
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TABL 9. BIOSYNTHETIC MACHINERY, StIRFACE PROTEINS
AND RECEPTORS IN ENDOTHEL IAL CELLS

A. Biochemical Machine"y C. Biochemical Machiner"
to Synthesize: to Degrade:

Hemostatic factors Adenine nucleotides
Factor VIII antigen Prostanoids
FactorsYV, IX, X11 Serotonin
von Wiliebrand's factor Catecholamines,
Plasuinogen activators and

inhibitors 0. EC Surface Hormone Receptors
Thromboplastin for:
Heparin-like molecule
Platelet aggregation inhibitor, Vasoactive Agents

Tissue factor Catecholamines
Prostanol ds Angiotensii 11

PGE2 Serotonin
PGF2  Prostanoids
PG1 2 Acetylchol ine
PG6 - Keto F1 Kinins

Hydroperoxy acids -lipoxygenase Substance P
products Histamine

Histidine decarboxylase Arachidonic acid
Monoamine oxidase Adenos ine
Proteases Steroids-

* Collagens Estrocens, progesterone -

Type 1. 111, IV Glucocorticoids
Basement membrane collagen Liooproteins
Human qiomerular basement membrane LOL, 1401
Fibronectin Complement C3a

C-Macroqlobul in Insulin
C-60 Heparin, Thrombin0

Proteog lycons
oB. Proteins Adherent to EC Surfaces: 8-thromboglobulin

Mucopolysaccharides (glycocalyx)
Angiotensin convertina enzyme
Fibronolytic factor-
Fibronectin
AD Pases; ectonucleotidases
Chemotactic factors

2-Macroglobul in

Since early in shock and trauma, the peripheral vasculature often

overcompensates and produces severe ischemia in the splanchnic tract, liver,

and kidneys, 2, 5 $6 ,46 955 we wondered whether or not the ability of the micro-

vasculature to respond to endogenously released vasodilator substances (e.g.,
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histamine, bradykinin, acetylcholine) might not be compromised due to mal-
function of the intimal (EC) lining of the microvessels.9910

Failure of Single Arterioles to Produce Hpe.iic or Vasodilator
Responses Eat'ly After Ischenia, Endotoxenia, and Traumna

Although the normal response of arterioles to temporary occlusion is a
postocclusion hyperemia (vide supra, Table 7), the summtary data presented in
Table 10 indicate that irrespective of the etiology of the ischemia (i.e.,
bowel-ischemia, endotoxin, or Noble-Collip drum trauma), single mesenteric0
arterioles of the rat fall to yield an appropriate postocclusion hyperemia.
The latter could be related to either the (a) failure of EC to produce a
vasodilator substance (vide supra, Tables 7 and 9) or (b) the failure of
released vasodilator substances, in response to the occlusion, to act-
appropriately on the microvascular smooth muscle cells. Experiments were
designed to determine whether exogenously applied vasodilators (which are
known to act via EC9910), such as bradykinin, acetylcholine, and substance P,
would be able to produce vasodilatation of single arterioles early after
induction of circulatory shock and trauma.

TABLE 10. INHIBITION OF MSENTE IC ARTERIOLAR PIOSTOCLUIJSON VASODILATATION
IN SKO, ENDOTOIC, AND NOBLE-COLIP DRU1M TRAUMA SHOCa

Arteriolar Lumen Size (toi + S.E.M.)

Control Postocclusionb
Type cf Postocculsion Response After Percent
Shock N Control Response Shock Inhibition

SMAO 5 20.6 + 1.2 24.8 + 1.4c 21.2 + 1.0c 86

Endotoxic 6 22.4 + 1.4 26.9 + 1.5c 20.8 + 1.6c 100

NCDT 4 20.2 + 1.6 24.6 + 1.c21.4 + 1.8c 73

aTemporary occlusion of suoerior mesenteric artery (SMA) for 60 min; LDj
IV injection of purified Salmonella enteritidis endotoxin (No. 120400
Rifco Labs.); NCDT -600 revolutions at 40 rpm
Studied 60-75 min oost-release of SMA liqature, post TV injection of

~ndotoxin, and post NCDT
Significantly different from control post-occulsion response (o <0.02).
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The data shown in Table 11 clearly indicate that irnspcive of the-
ischemic or traumatic etiology, none of four vasodilators was able to produce
much in the way of arteriolar vasodilatation early after inductioni of bowel-
ischewuia, endotoxemia, or Noble-Collip drum trauma. If the compromised EC
were indeed responsible for the failure to elaborate active mediators 6' 9"10 in
response to, the vasodilators, then one could also anticipate that bradykinin, * ,t

substance P, and acetylcholine (substances that normally modulate or attenuate
the actions of, neurochemical substances in the microvasculature36-38 .47' 48)

might 'not be able to attenuate the arteriolar constrictor actions of
noreplnephrine and vasooressin. That the latter is indeed' so can be seen from
the data presented in Table 12. These direct in vivo quantitative TV
microscopic studies clearly revealed that the ability of acetylcholine and
bradykinin to attenuate the constrictor effects of both norepinephrine and
vasopressin were sharply curtailed early after bowel ischemia.

TABLE 11. MAO, ENDOTOXIC AllD NCOT SNIM RESULT IN WACED
HYPORESPONSIVENESS OF MESENTERIC WErARTERIOLES OF MALE RATS

TO LOCAL ADMINISTRATION OF YASOILATOR AGE"T

SIncrease in Lumen Sizeb
Vasodi lator

(dose, jiG) N Controls SI4AO Endotoxic NCDT

Acetylcholine 3-6 37 18 9 1s
(1.0)

Histamine 4-7 46 21 15 17-
(1.0)

Bradykinin 3-6 26 7 4 10
(0.01)

Substance P 3-4 22 5 3 6
(0.1)

aVasodilator agents were applied topically (0.1-nm1 volumes) before and
90-45 mnin post SMAO, endotoxic (LD5o S. enteritidis) and NCOT shock.
All experimental values are slgnirica-ntly diff7erent from controls (P
.0O1).

135



TABLE 12. FAILURE OF INTRA-ARTERIAL ADMINISTRATION OF ACETYLCHOLINE
ON BRADYKININ TO ATTENUATE RAT MSENTERIC ARTERIOLAR- CONSTRICTIOIIS
INDUJCED BY NOREPINEPRIN AND ARGININ-ASOPRESSIN AFTER SP SHOCK

% Attenuation of Constrictor Response

Before Shrnck SMAO Shock
Constrictora
Agent, Dose N Acha Sk Ach 8k

Norepinephrine 5 40 60 5  8b
(1.0 nm)

Vasopressin 4 15 12 0 b 0b .

(1.0 x 10-4 nM)

aAcetylchollne (3 ug/min) or bradykinin (0.1 ug/min) was administered via
branch of ileocolic artery before and 45-60 min post SMAO shock at, least
;min prior to topical application of norepinephrine or vasopressin.
Significantly different from control (before shock) observations (

<0.01).

Overall, we believe the data presented and summarized in rabies 10-12
constitute presumptive evidence for the notion that an inability of released * ,

vasodilator substances to modulate the compensatory peripheral

vasoconstriction may be a pivotal mechanism for why the host often is

difficult to treat and goes on to die. If the latter rationale is correct,
then normal pulmonary and renal vessels selectively denuded of their inner

endothelial layer should fall to relax in resoonse to vasodilators, such as
bradykinin and acetylcholine.

SELECTIVE ROMAL OF ENDOTHELIAL CELLS RESULTS IN THE INABILITY OF RENAL AND
PULMONARY VESSELS TC RESPOND TO BRADYKININ AND ACETYLCHOLINE0 6

During the past 4 years, we have demonstrated that vascular EC of
intrapulmonary, intrarenal, and hepatic arteries appear to play an obligatory
role in relaxation of these blood vessels to several different types of

naturally occurring (and released) vasodilators, e.g., acetylcholine,

bradykinin, arachidonic acid, substance P, ADP', and ATP (e.g., Figures 1 and

2).6,9,10,57-60 Similar findings have been observed by others as well on a
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large variety of vascular smooth~ muscle types. 6,61-63 It is also clear that
these vasorelaxants act on distinct EC receptors (e.g., Figure
3) .6.9,10,54,57-63
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Figure 3. Incubation of isolated cinine renal arteries (containing
endothelium) with atropin~e (1.4 x 10-7M) resulted in a
rightward shift of relaxant doses of acetylcholine (ACH) to
50- to 100-fold higher concentration. This demonstrates that.0
atropine Acts as a competitive antagonist of ACH on renal
arteries exhibiting an intact endothelial. lining. (Taken from
Microcirculation, ref. 10, with permission.)

If intrapulmonary, intrarenal, intrahepatic, intracerebral, and_____
splanchnic arteries and arterioles suddenly or gradually lose their ability to
dilate in situ during circulatory shock, ischemia, or trauma in response to
acetylcholine, '.inins, adennsine phosphates, substance P, histamine, etc., the
end result could be over-vascular compensation and a loss of vascular patency
in the organ regions, which could eventuate in oarenchymal cell destruction
and death. Since those same blood vessels also possess receptors that

subserve contraction to these same neurohumoral subsiances,5' 9 ,10 ,35 ,37 ,57 the
contractile responses would be unmasked if the endothelium were damaged (e.g.,

139

•~~~~ 0-.T:-2!i;



/

Figures I and 2), thus exacerbating the compensatory constriction brought

about by other released neurohumoral agents (i.e.,. catecholamines,

vasopressin, angiotensin II, serotonin, etc.). The end result would. be a
severe reduction in lumen sizes of the resistance and capacitance vessels in

the lung ("shock lung"), kidneys ("renal failurel), liver ("hepatic failure"),

brain ("cerebral Ischemia") and splanr.hnic tract, producing a severe .

(multiple-organ) Ischemia, and leading to the eventual sequelae of events

noted clinically in shock and on autopsy. A. loss of EC integrity in

circulatory shock and trauma could also be directly responsible for (a) the

inability of patients to respond appropriately to vasodilator therapy and (b) a.@ ..O

the fact that such treated patients sometimes become worse on administration

of certain so-called vasodilator agents.

RELATIONSHIP OF EC DMAGE TO RES PHAGOCYTIC FUNCTION AND NICROVASCJLAR o .

INTEGRITY IN LOW-FLOW STATES

Since all of the RES cells are modified EC, and since EC damage would

result in loss of blood flow to the RES cells, one must consider the Ii__
"

__
"
___

possibility that RES cell phagocytic function would be compromised early after 

shock, ischemia and trauma, exactly as has been noted herein (vide supra) and

elsewhere.2,3 ,6-8,11 ,15- 19 ,22,26"28 ,30-35,42,4 5,56  Graded damage to EC would

also thus be able to explain, in part, why the greater the injury or trauma is

to the host, the greater is the loss of RES phagocytic capacity.3,7,11,26,64-

66 Moreover, EC damage coupled with failurc of RES phagocytic function would

feed back in a positive manner to produce further microcirculatory ischemia - :

and damage, thus leading to what is so often termed in shock and trauma "a

vicious cycle," which is self-perpetuating and leads to eventual demise of the S S

host. This scheme can be envisioned conceptually by examining these

hypothetical events as outlined in Figure 4.

1 4
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Figure 4. Hypothetical -hemodynamic sequence in circulatory shock and
Proposed site of endothelial cell mediation

/ .

The early vulnerability of certain organ reqions (e.g., lungs, kidneys,
liver, and brain) to decreased tissue perfusion - in shock and traum states,
and leading often to "shock lung," renal failure, liver failure, and cerebral -

infarctions, respectively, may be due to the vulnerability of vascular EC and
EC surfaces to hypoxia-induced injury. Denudation or injury of normal
pulmonary, renal, hepatic, and cerebral vascular EC would prevent circulating
neurohumoral substances (e.q., acetylcholine, bradykinin, arachidonic acid,

substance P, etc.) from eliciting vasodilation. Such endothelial injury could

transform these circulating and released vasodilator substances into powerful
constrictor agents, the, end result of which could be severe tissue ischemia,
*shock lung," renal failure, liver failure, and cerebral infarctions.

Prevention of such EC injury early in circulatory shock and early after trauma
could form the basis for a new therapeutic approach in low-flow state
syndromes. Some of the RES cell stimulants reviewed above, together with the
neuroendocrine and RES cell stimulants discussed elsewhere3, 7,ll appear to be

useful and logical approaches toward the latter end. *
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Overall, the data acquired so far suggest that the phagocytic cells of

the RES in some way can alter microcirculatory function, integrity, and blood

flow (vide supra, Figure 4). In this context, beneficial pharmacologic

manipulation of the microcirculatory apparatus in shock states enhances RES

cell phagocytic function as well as survival.
2,3,6-8 ,11, 26,2 7,28,30-3 5,45,46

The material presented and reviewed herein proposes rational hemodymamic

therapeutic approaches toward manioulation of the deranged microcirculatory

apparatus in low-flow states. At this juncture in time, the outlook for

effective and orecise pharmacological manipulation of the cardiovascular -A

system, via actions on RES cells and EC, is very much alive and optimistic.

We believe that precise insights into the latter will result in effective

treatment of refractory shock.

I am deeply indebted to the NIH and ADAMMA for the support they have

provided to us over the last 15 years, particularly Research Grants HL-18002, 0

HL-18015, MM-26236,. DA-0233g and HL-29600, which made many of the original - -

studies reviewed herein possible. In addition, I am indebted to my wife, Dr. -

Bella T. Altura, for many helpful discussions and contributions and to our

colleagues., A. Carella, N. Chand, A. Gebrewold, and P.D.M.V. Turlapaty for all

of their hard work over the past several years.
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OISCUSSION PERIOD WITH DR. ALTRA "4

DR.. FRANK: Could you describe how you remove endothelial cells?

DR. ALTUPA: After removing a vascular strip, filter paper is rubbed

gently over the lining for 30-60 seconds which removes the endothelial surface.

One could do the same thing in en intact blood vessel by taking a rod and

putting it through the intima, and turning it a few times will result in the

same denudation of endothelial surface.

DR. ULEVITCH: You mentioned the synthesis of bradykinin by - "

endothe'lal cells. Could You elaborate' on that.

DR. ALTURA: What I should have said is that the enzymes responsible

for the sequelac of events, that is those thet act on the alpha-2 globulin

fraction in the blood, have been found in the endothelial cells.
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INTRODUCTION

-'traumatic injury and its sequelae, which many times consist of infection

or sepsis and multiple organ dysfunction, are a major medical problem in

civilian practice and military medicine. Although the literature concerning

the physiopathology of trauma is voluminous, our current understanding is very

poor concerning what causes some patients to develop post-traumatic morbidity

and mortality while other patients seem to tolerate a similar decree of injury-. .1
without significant post-traumatic complications. One important aspect of the

post-traumatic resistance includes (a) the ability of host defense processes to

protect the organism from endogenously generated toxic substances and (b) the
protection of the organism from exogenous bacterial infection and other toxic . .

substances. The research carried out in our laboratory over the last dozen

years has investigated the participation of the reticuloendothelial system in

host defense processes that are involved in pathophysiological reactions to

traumatic injury and shock. p ' 6

RETICULOENDOTHEL IAL SYSTEM

The reticuloendothelial system is defined as a system of mononuclear cells

that are characterized by their intense phagocytic capabilities.' 2  This

system of fixed and mobile macrophages is involved in many different

physiological processes such as the metabolism of lipid, bilirubin, iroo, and

protein; 3 participation in the development of cellular arid humoral immunity 4 as
5 6 _ 9 ....

well as non-specific host defense processes against tumor growth, trauma,

shock, 7 and bacterial invasion.8  The major portion of the PES consists of the

sessile macrophages located in the capillary beds of the liver, spleen, luna,

and bone marrow, which are by necessity in dir~zt contact with the circulating

blood. The hepatic macrophaces, or Kupffpr cells, which line the sinusoids of
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the liver, because of their availability to a high proportion of the cardiac
output, contribute a major part in the intravasculature clearance of0 A6

circulating particulates.8  The importance of the PES in host resistance to

shock and trauma was originally demonstrated by work performed by Zweifach's

group7 and Fine's group.9  These studies were performed using the colloid

clearance cechnique, which can quantitate RES clearance function by assessing , O

the kinetics of the removal of an injected dose of colloidal material, usually
10

gelatin-stabilized. Animals demonstrating enhanced RES function, or

hyperphagocytosis, showed an enhanced rate of removal of particulates from the

circulation while animals demonstrating depressed PES function, or

hypophagocytosis, showed a decreased rate of removal of particulates fron the

circulation.

Since the colloidal material that is removed from the circulation, is ...

located in the RE cells, this method can be used to quantitatively evaluate the.

activity of this, important host defense system. These classic studies = I

demonstrated that experimental injury results in a declining RES activity that

is proportional to 'the severity of the injury. Even more enlightening were

studies that demonstrated that the induction of hypophagocytosis results in

enhanced sensitivity to experimental injury, while hyperphagocy tosis is

associated with enhanced resistance to shock, and trauma. Thus, the

physiological importance of the RES as a major component of "systemic host

defense" mechanisms against the consequences of traumatic injury was realized..

These observations stimulated interest in understanding the factors that

control RES phagocytic function. Experimental evaluation of macrophage

activity as assessed by the vascular clearance of inert or viahle particulate

substances has demonstrated that RES clearance function is a very complex

process that is influenced by numerous factors. Some of these factors include11 rpag,12
liver blood flow, 11 metabolic status and activity of the macrophage, and the
presence of'circulating factors in the plasma, whici- aid macrophage recognition

of circulating particulate substances. 8  In other words, the harmful or

potentially harmful material in the circulation must be able to be delivered to

the cells of the RES. The cells must be able to recognize the particulate,

and, once recognized, the cells must be able to phagocvtically remove and

metabolize or detoxify the ingested substances.

'Ahile PE organ blood flow and basal phagncytic nd metabolic activity of

the macrophage are important factors in controlling RE clearance function,
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recent investigations have stressed a critical role of plasma factors in the

etiology of RES dysfunction follcwing traumatic injury. The concept that .

serum factors may be important in phagocytic recognition of particulate matter,

especially bacteria, was first postulated in 1895 by Denys and LeClef 16 and

demonstrated by Wright and Douglas 17  a few years later. These early

investigators were likely studying what we now consider to be specific opsonic 0 0

factors, i.e., Immunoglobulin and complement with respect to phagocytosis. The

extension of these studies to non-bacterial particles and thus to the concept

of non-specific opsonic substances, was due to the demonstration by Fenn that

phagocytosis of carbon and quartz particles was stimulated in plasma. 18'19

Further support for the presence of non-specific or aspecific opsonic factors

in the circulation have since been verified in a wide variety of studies with

many different "inert" particles. That circulating humoral factors were

important in RES recognition of foreign particulate matter was demonstrated by

investigating the phenomenon of RES colloid blockide. Colloid blockade refers

to the hypophagocytic state induced by the injection of colloidal material into

the circulation. Although originally interpreted as being caused by saturation

of cells of the RES,2O subsequent studies revealed that the colloid blockade

was. in part, due to the consumption of opsonic factors from the circulati)n.
2 1  ,

The realization that RES dysfunction could reflect a depression in the humoral

support for macrophage recognition of toxic or potentially toxic substances,

led to investigations to determine if alterations in PE function observed after

traumatic injury were reflective of alterations in circulating opsonic activity

toward RE test colloids.

These studies revealed that, similar to the RES dysfunction observed after

colloid blockade, the RES depression following experimental multiple trauma
13 22 1.3(Noble-Colip Drum Trauma), surgical traum, hemorrhagic shock, and burn

injury 24 was associated with a deficit in the humoral support of hematic

macrophage uptake of test colloid, while restoration of normal RFS clearance

capacity has been associated in all cases with a restoration of this humoral

mechanism. These experimental studies in animals thus support the hypothesis

that RES dysfunction following trauma is mediated, at least in part, by a

deficit 4r the ability of olasma to support racrophage uptake of RE test

colloids. Evidence was provided that this loss or decrease in plasma opsonic

activity following traumatic injury may be important in host resistance to

post-traumatic sepsis and multiple organ failurp. It wer provided by clinical
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studies demonstrating that in a group of trauma patients who manifested a

deficit in plasa opsonic activity, mortality imediately following injury 0 .

was associated with a sustained deficit in plasra opsonic activity. In

contrast, those patients who survived their injury demonstrated normalization

of their plasma support for PE function.25

FIDRONECTIN IN RES FUNCTION

The 'demonstration that the depression in RES clearance fu'tion following

trauma and traumatic injury was in part due to the depression in the humoral'

support for macrophage uptake of RE test colloids stresses the importance of

determining the 'factor(s) in plasma that is responsible for the opsonic .

activity. Isolation, purification, and characterization of the protein present i -

in plasma responsible for RES recognition of gelatinized RE test particulate

matter demonstrated that this important serum opsonin was a non-immunoglobulin, . 0

non-complement-related glycoprotein of MR = 440,000 with an electrophoretic
26mobility of an .alpha-2-globulin. Further biochemical analysis demonstrated

that the plasma opsonin was a dimeric protein consisting of identical or nearly _._,-__.__

identical disulfide linked subunits, each of 220,000 daltons. Immunochemical , •

quantitation of the protein in rat and human plasma revealed that rat plasma27

contains 400-600 ug/ml while human protein contains 300 ± 25 ug/ml of protein.

The PES dysfunction in rats following colloid blockade or traumatic injury was

associated with a deficit in the circulating levels of the protein, confirming _4i

that such RE dysfunction was due to the consumption of the circulating opsonin

rather'than the release of an inhibitor into the circulation.

*Other studies demonstrated that the intravenous injection of antibody to

the opsonic protein sensitized experimental animals to traumatic injury,1 4  -

while the infusion of anti-albumin had no effect, further supporting the

hypothesis that the maintenance of humoral Fupport for macrophage function was

important in the pathophysiologic response to traumatic injury and sepsis.

Additionally, the intravenous infusion of the purified protein reversed the PES

dysfunction associated with surgical trauma.

All these studies suggested to us that since post-traumatic sepsis and

multiple orgen failure, as observed clinically, were associated with a deficit

ir the plasma opsonic activity as rediated by the opsonic protein (referred to

by such names as a specific opsonin, humoral recoqnition factor, and
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alpha-2-opsonic surface-binding (SB) glycoprotein), significant clinical 7

benefit might be achieved by the therapeutic administration of the protein to 6

humans. It can therefore be appreciated how exciting it "3s to learn that the

opsonic protein we had been working with was identical to plasma cold-insoluble - .

globulin (CIg).
29'35

Cold-insoluble globulin was initially described by Morrison, Edsall, and * .
Miller as a constituent of human plasma that was more insoluble than

30fibrinogen. This protein, which has been described as a beta-globulin and

called cold-insoluble globulin to denote its low solubility at 00, could not be

completely purified from contaminating fibrinogen by these investigators. -

Initially considered to be somehow related to fibrinogen, it was subsequently

identified as a distinct plasma protein. Purification and characterization of

human CIg was finally accomplished by Mosesson and Umfleet. 3 1  It was

demonstrated to have a molecular weight of approximately 450,000 and consist of

two nearly identical disulfide-linked subunits of 220,000 each. e
Considerable interest in this protein was generate when it was

demonstrated that the plasma Cig was antigenically related to a fibroblast cell

surface protein that was lost during oncogenic transformation in.vitro.32'33  _-.:___._

Subsequently demonstrated to be involved in cellular adhesion to inert and . •

collagenous substrata, it was suggested that a more appropriate name for the

cellular form of the protein was fibronectin, to denote its function in the

adhesion of fibroblasts to solid supports or fibrous connected tissue.

Current convention is to denote the cellular form of the molecule as cell * 0

or tissue fibronectin, while the plasm3 or "soluble" form is designated plasma

fibronectin. The demonstration that plasma fibronectin was identical to the

plasma cpsonin responsible for the augmentation of the macrophage recognition

of gelatinized RE test particulatee, suggested that the treatment of patients

suffering from post-traumatic or post-surgical sepsis and associated multiple

organ dysfunction might prove beneficial. Since plasma fibronectin (CTg) was

shown t, be present in high concentrations in plasma c,-oprecipit2te prepared

by the American Red Cross and used for Factor XIII rzpiacempent. 3 5 therapeutic

studies were instituted to determine if the infusion of this plasma fraction to

normalize circulating fibronectin levels in this patient population were

beneficial.

1 5
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Initial clinical studies demonstrated that the intravenous administration

of 10 units of cryoprecipitate produces a normalization of the plasma opsonic

activity"36  This was associated with an apparent improvement in pulmonary

function as judged by a decline in the requirement for positive end-expiratory

pressure (PEEP) to maintain adequate blood oxygen tensions. Further

improvement in septic status of these patients was judged by enhanced

alertness, normalization of blood leukocyte levels, body temperature, blood

cultures, and improvement in various hemodynamic parameters. Subsequent

physiological studies in a similar group of patients demonstrated an increase

in limb blood flow and 02 consumption, ventilation/perfusion ratio, and renal

function after infusion of fibronectin-rich cryo-precipitate.37  Studies by

other groups have confirmed and extended our observations suggesting that the

maintenance of adequate levels of circulating fibronectin may be of benefit in

the treatment of this type of patient.
38'39

FIBRONECTIN: ITS POSSIBLE ROLE IN NON-RES HONEOSTATIC PROCESSES

Recent biochemical studies of the fibronectin molecule have revealed that

it is a highly complex molecule possessing binding sites for a variety of

biological molecules such as gelatin, collagen, heparin, actin, fibrin,

fibrinogen, Clq, DNA, and cells.40  Consequently, its ability to act as an

opsonic substance may be only one of its beneficial properties with respect to

the most response to injury. Several studies have suggested that this protein

may augment bacterial phagocytosis,41 while others do not.42  Recent studies

have demonstrated that fibronectin may inhibit fibrin-fibrin interaction, thus

preventing the formation of. fibrin microthrombi in vivo.43  It also may

participate in the maintenance of the functional Integrity of the vascular

endothelium, since the administration of fibronectin to sheep (demonstrating

increased vascular permeability as the result of septic challenge) depresses

pulmonary transvascular protein clearance.44'45 This observation suggests that

fibronectin may help protect the vascular bed from septic injury, thus

inhibiting pulmonary interstitial edema so often associated with the septic

state.

Fibronectin may also participate in other mechanisms important tc host

survival after injury. Fibronectir or fibronectin fragments act as

chemotractants for fibroblasts,45 monocytes, 47 and endothelial 46 cells, and
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this may participate in mechanisms involved in inflammation and wound repair. ______

It can thus be appreciated that although fibronectin administration following0
traumatic injury will undoubtedly support increased RE clearance function, the
observed improvement in patients may be due to fibronectin's i,volvement in

other important homeostatic processes.
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ISaiSSION PERIOD viM DR. euwMNSTOCK

DR. MUJRANO: The pharmaceutical industry is making an effort in the
irection of providing purified fibronectin. So your future studies, perhaps,
ight be performed with a more pure preparation.

Your closina cowmnent was that too much fibronectin actually may be
etrirnental. Are you sure this is due to the fibronectin and4 not to the -

xtraordinary amount of fibrinogen amongst other proiteins that you are
dministering with the cryuprecipitate?
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DR. BLUMENSTOCK: It could be that the fibrinocen load in the

cryoprecipitate made the patients worse. Perhaps when we give purified . .

fibronectin we may not see that. We have been doing some studies with purified

fibronectin in rats to see if we can resuscitate them. We find that when we

over-resuscitate them with the purified protein and then test their RE

clearance function, the clearance from the blood is very rapid.

DR. MURANO: T believe you made some observation to the effect that

the fibronectin may actually be involved in inhibiting the fibrinogen

polymerization process. Six to g months ago, a group from Poland published a

paper in Thrombosis Research, presenting evidence that purified fibronectin

will interfere with the polymerization process.

DR. SLUt;ENSTOCK: Yes, I know that.

DR. MURANO: Do you have any experience with canine fibronectin?

DR. BLUMENSTOCK: Fibronectin is quite easily purified. One of the

studies that we have done relates to RE clearance function and how it varies . ___

with the fibrorectin concentration.

Coat and other animals have a very rapid clearance function. fogs

have quite high fibronectin levels, between 600 and 800 micrograms per _ ....

milliliter. The mouse has even more, about 1000 micrograms per milliliter.

Man is les' than the rat, which is about 400. Sheep have a very low

fibronectin ;evel, down around 150 to 200 micrograms per milliliter. It turns

out that, if you look at PE clearance in sheep, which have a very small liver,

a lot of that material ends up in the lungs. So they may have a little bit

different system.

UNK!OIM: At the American Burn Association, Paul Barr presented some

data, showing a myofibroblast secreting collagen and fibrnnectin at the tail

end, as the cell moved aloro. He pointed out a very rice role for fibronectin

in fibril bundle formation. Could you cno~ent about fihronectin and collagen

fibril bundle formation?
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DR. BLUMENSTOCK: Fibronectin is being identified with many different

properties. Some people, especially those in the tissue culture field, feel 0

that fibronectin actually in many ways is like a hormone and can affect the

differentiation of many cell types. If you grow, for example, endothelial
cells in very high concentrations of fibronectin, even though they synthesize

it, it actually seems they start to form tubes in the culture dish. -

On the other hand, ;iironectin has been shown to inhibit, myotubule

formation for myocytes. With respect to a lot of other cell types, it may be a

dedifferentiation. I don't know. With regard to the role of fibronectin in -

cell differentiation, cell. movement, and the interaction of cells with

collagen, I don't think we even have touched the surface yet.

In wound healing it has been shown that during the initial

granulation process there are high concentrations of fibronectin in the wound, .

and as the wound heals, it is lost. Perhaps fibronectin is involved in the

macrophage migration into the wound site and essentially aids, in the

autodebridement of the wound.

DR. SANTOS: What is the change in fibronectin after whole-body

'irradiation? If there is downward chanoe, is there a rebound?

DR. BLUME!JSTOCM: I am not aware of any studies actually measuring

fibronectin following irradiation injury. Studies done by Tom Saba and Plick

PiLuzio showed RE deprpssion after whole-body irradiation. Fibronectin,

however, was not measured. One of my old professors was relating some work

that had been done on irradiated rats. One thing he noticed was a very high

alpha-? globulin level. He had the fePling that this protein was unable tc be

cleared due to a defect in the macrophaces.

There are different forms of fihronectin. We must take that into

account when considering the activity of the molecule. For exarple, durirQ the

late periods of tumor growth when PC depression is manifest, there may he lots

of fibronectin in the plasma, hut it doesn't have any activity.
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OP. ULEVITCH: Mfaybe you could expand a little more on what you just

said, because what occurred to me when I saw some of your data was that there 0

were not striking differences in the concentration of fibronectin determined

iniinologically. I mean, I don't know if it wes a 50 percent drop, but you had

dramatic decreases in activity.

Have you ever taken plasma from these traumatized rats, isolated that

fibronectin, and used that in replacement experiments?

OP BLUMENSTOCK: The answer is no. We are doing that. If you inject

gelatin into the system, or collagen, it prevents the antibody from binding to

the fibronectin. On the other hand, when actin binds to fibronectin, it does

not inhibit the ability of the antibody to measure it, but its activity is

depressed. We are redoing those studies in the traumatized man, and we are "

actually now going to look for actin in the plasma.

Again, it is activity plus amount, not just amount. I think we have

to be careful, and so we are redoing all of those studies. It would be nice if -

all we had to do is measure it, and'not have to do bioassays.

1 6
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THE RIOLE OF TiE MROPHME IN THE HOST RESPONSE TO BACTERIAL ENDOTOXINS
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Department of. Innunology, Scripps Clinic and Pesearch Foundation, 10666 North
Torrey Pines Road, La Jolla, CA

INOuCTION

Gram-negative bacillary Infections in man are occurring with increasing

frequency in hospitalized patients, and are associated with an unacceptably
high mortality rate. In patients with multiple injuries, the likelihood of

complications due to Gram-negative infection is high, and despite advances in '-
ant 4biottc therapy, the prognosis for these patients is bleak. These patients

often develop hypotensive shock, disseminated intravascular coaoulation, and
metabolic abnormalities, all of which are resistant to standard treatment and
together contribute to the multiple organ failure observed in these patients.

-:'Unique to Gram-negative bacilli is the presence of a complex glycolipid in the

outer cell membrane. This component, termed endotoxin or lipopolysaccharide
(PS), is now generally recognized as the bacterial product that is responsible

for initiating the biochemical changes leading to shock, DIC, and death.'
Despite the' early recognition of an important role for LPSi4n Gram-

negative septicemia, it has been difficult to determine the exact mechanisms of

injury, in part because of the inability to identify the primary, injurious
events occurring after exposure to LPS. In fact, based on in vitro studies, we

are faced'with too many possible mediators stpct LPS has been shown to activate

multiple humoral and cellular mediation systems. Nevertheless, attention has
recently been focused on the,.Wrophage as a source of mediators of the early
biochemical changes in$ d by LPS that result in hypotension, OTC, and

metabolic changes. 44(he purpose of this report is to describe a number of
mediators produced by LPS-treated macrophages that may participate in the host

response to LPS, namely, a supernatant factor of LPS-treated macrophage (M),

which suppresses adrenocortical steroidogenesis, and a membrane-bound

procoagulant activity, which activates coagulation Factor X directly.,
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SUPPRESSION OF ALRENOCOERTICAL STEROIXIGENESIS Y A CROPHAGE PRODUCT ., "

The therapeutic benefit of steroids in Gram-negative septicemia is

controversial.2'3  Related to this question is the possibility of abnormal
4 5edrenocortical function in septic patients. Velby and Spirk, in 1058,

suggested that adrenocortical function is normal in patients with bacteremic

shock, but since then, a number of other reports have documented conflicting _

results. Hubay et al. 6 noted patients with adrenocortical insufficiency,

fligeon et al. described adrenocortical insufficiency in children -i.th

disseminated meningococcemia, and Sibbald et al. 8 reported that 5/26 patients

with severe bacteremia demonstrated impaired adrenocortical responsiveness to

ACTH. Other evidence for adrenocortical insufficiency derives from the
9findings of Berry and Smythe, where evidence of decreased adrenal responsive-

ness to ACTH in mice injected with endotoxin was observed. Finally, the recent _,..___._

study of Keri et al .10 suggested that soluble mediators might suppress

adrenocortical function, since plasma from rabbits in shock as a result of live

E. coll infusion suppressed steroidogenesis by ACTH-stimulated, explanted

adrenocortical cells. This later s*:.dy suggested that potential mechanisms of

adrenocortical suppression in endotoxic shock should be examined' further.

Recently, we examined the possibility that products of LPS-treated V' could

mediate suppression of adrenal steroidogenesis. Resident and peptone-elicited

murine peritoneal macrophages (PE1t) were placed in plastic flasks for 2 hr at

37°C in RPMI 1640 with 5 percent fetal calf serum (FCS). After washing to

remove the non-adhered cel.ls, one half of the flasks were treated with suffi-

cient macrophage-activating factor (MAF, also known as macrophage cytotoxicity

factor) for 4 hr to render the macrophages cytotoxic for tumor, cells. The

MAF-containing solution was removed, followed by several rinses and replenish-

ment of fresh medium. Then one half of the MAF-treated and untreated cells

were exposed to 10 ug/gm Salmonella minnesota Re595 LPS for IF hr. As

controls, flasks without cells were incubated with medium, MAF, and LPS. The

macrophage .upernatants and control media were then centrifuged, filtered,

(C.22 urn) and stored at -20'C. Rabbit adrPnocortical cells were isolated by

collagenase digestion and maintained (as adherent cells) for 3 days in

C-mm-diameter plastic culture dishes in HEPFS-tuffered MFM with 15 percent FCS.

The followiro additions were made to these Adrenocortical cells: (a) 7F ul

A -0
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14E?-HEPES-FCS; (b) 30 ul macrophage supernatapt, control medium, or MtE14-I4FPES;
and (c) 12 ul ACTH dissolved in MEJ'-REPES. The final concentration of ACTH in S

the wells was 10 mU/mi. After IS hr at 37*C, the adrenocortical supernatants
were harvested, and steroids were determined by a fluorometric assay. As shown
in Table 1, steroidogeresls was not suppressed by control medium + LPS or by
superniatants from macrophages that were not exposed to LPS. However, 0
supernatants from LPS-treated resident and peptone-elicited macrophages did
suppress steroid production by approximately 40 percent, ane as much as 80-90
percent suppression was observed with supernatants from LPS-treated macrophages
that had received prior exposure to MAP. In control experiments we 1,ave

obtained evidence that (a) the macropbhage-supernatant-induced -suppression is
not a result of LPS carried over from the macrophage culture and (b) the
m'acrophage supernatants do not degrade or inactivate ACTH and do not interfere
with the assay of fluorogenic steroids. These results provide support for an
LPS-induced macrophage factor(s) that suppresses adrenocortical suppression in

TABLE 1. SUPPRESSION OF ACTH-INOIJCED STEROIDOGENESIS at' .- MNTA~rS OF
IPS-TREATED PER ITONEAL. EXUDATE KACROpIIAgSsa-

Fluorogenic Steroid Produ,!Ion
Additions (% of maximum response)
Supernatants:

flacrophage 1K IPS
Resident - +59 ±9

Peptone - + 59 t± 11
Resident + + 23 ±5
Peptone + + 14 ± 7

b+
Control Sup ± -92± 9

Control Medium .±98. 9
?IEM + HEPES + FCS 100O

See text for experimental details
bFlasks without cells were treated with mediwr ± LK followed
medium ± LPS in the same marrer as the macrophage cultures.

CM~edium used for culture of adrerocortical cells.
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Gram-negative sepsis. A number of preliminary experiments have also been

performed to characterize the biochemical properties of the M-derived factor.

These data are summarized in Table 2. The details of these findings have been

recently published.?

TABLE 2. PROPERTIES OF ACROPHAGE FACTOR THAT SUPPRESSES ' "
ADRENOCORTICAL STEROIDOGENESIS

Treatment Pesult

Dialysis using 12,000-14,000 mw Activity retained ~. • _
cutoff tubing

Ultrafiltration (10,000 mw cutoff) Activity retained

(suppressive activity not observed

in ultrafiltrate) "____._"__.

Repeated freeze thawing Stable

and storage at -20'C

Exposure to pH 4 or pH 11 Stable

30 min at 37°C * *

70°C, 30 min Stable

100°C, 5 min labile __• _•

HPLC with Bio-SIL TSK 250 Activity in 40-60 kD range

Studies of the mechanism of ACTH-inducee steroidogenesis have provided * ,

many details of the mol-:ular basis ACTH action (reviewed in ref. 13). It is

known that ACTH binds to plasma membrane receptors, which, as suggested by the
14 -

recent studies of Buckley and Ramachandran, number approximately 4,000 per

cell and have a Kd of 1.4 nM. Calcium and cAMP serve as important second

messengers ' in the response to ACTH. Although a 2-loc greater ACTH

concentration is required to incuce increased cytoplasmic levels of cAVP than ".

is required for induction of steroidoqenesis, the dose-response curves for

ACTH-induced ,'oein kinase activity and steroidocenesis have been shown to be

nearly superimposable. 0
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Since conversion of cholesterol to pregnenolone (the rate-lifiting step in

steroidogenesis) is blocked by cycloheximide but not actinomycin 0, it has been * 0

suggested that synthesis of a labile protein is required for cholesterol side

chain cleavage to occur. Conversion of pregnenolone to the various steroid

products involves, among other things, increased requirement for reducing

equivalents (NADPH), a complex array of enzymes that are partitioned in

mitochondria and in the smooth endoplasmic reticulum, and mechanisms for

shuttling steroid intermediates between the mitochondria and cytosol. We have

observed that supernatants from LPS-treated macrophages that suppress the

steroidogenic response to ACTH also produce an equivalent degree of suppression

of the response to cholera toxin as well as dibutyryl cyclic AMP. Cholera

toxin is known to bind to G1 gangliosides of the plasma membrane with-

resulting stimulation of adenylate cyclase; whereas dibutyryl cyclic AMP enters

the cell and apparently directly stimulates protein kinsase activity. These -

results suggest that macrophage factor-induced adrenocortical suppression does

not result from inactivation of the ACTH receptor or from. a block of adenylate

cyclase activity, but rather from disruption of' steps distal to formation of

cAMP.

It has been well appreciated that. corticosteroids have marked effects on

cells involved in the induction of the immune response and in mediating the

inflammatory response. Most recently Snyder and Unanue15  showed that

therapeutic dosages of corticosteroids suppressed interleukin-1 production by

LPS-stimulated murine peritoneal exudate cells. Of further interest is the

possible connection between cells of the immune and nervous system, suggested.

by reports demonstrating regulation of the in vitro antibody response by

neuroendocrine hormones. Finally, in view of the potential role of endorphins

in endotoxic shock, it is clear that previously unappreciated interrelation-

ships between cells of the immune/inflammatory systems and neuroendocrine

systems may be of importance in regulating the host response to bacterial

endotoxins. The data reported in this paper demonstrating suppression of

adrenocortical steroidogenesis by a macrophage-derived product add a new

regulatory path':ay that may well influence the host response to LPS. Tncreased

understanding of this phenomenon should provide insight into the mechanisms of

endotoxic shock.
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MANWOPHAG-ASSOCIATED PROCOAGIuAT ACTIVITY

After an intravenous LPS injection the liver is the tissue that contains

the majority of the tissue-bound LPS.16 When radiolabled LPS is injected and

electron microscopy and autoradiography of tissue sections is performed, LPS

localization is observed in the cytoplasm of hepatic macrophages (H-M'.. * *

Other studies using electron microscopy to identify LPS in tissue secttr',,s have -
17,18described similar findings, and thus this M population represents a major

cellular target of LPS.

One of the consistent histologic findings following a single injection of "

LPS is fibrin deposition in the liver microcirculation'9 and association of the

fibrin with the H-M (John Mathison, personal communication). These data

prompted us to determine if the hepatic M cin respond to I.PS by producing

mediators that might play an important role in LPS-induced fibrin deposition.

To accomplish this, we first needed a source of purified H-M, so we used a

combination of mechanical and enzymatic disaggregation of rabbit liver to .-

20
prepare isolated H-M. These cells can be maintained in culture for up to 10

days without outgrowth of other cell types, and they respond to LPS in a number
20

of different ways, including the selective induction of enzymes. Addition of

LPS prepared from Salmonella minnesota Pe5g5 to the cultured macrophages also

induces a procoagulant activity (PCA) detectable in cell lysates when assayed
a sy 21' .:

in a one-stage clotting assay. The H-M PCA was detected in cells treated

with as little as 10 ng/ml of Re595 LPS, and evidence of increased activity was * *

apparent as early as 3 hr after LPS addition, with a maximal response occurring

between 7 and 12 hr after LPS.

Previous reports have described the association of tissue thromboplastin

with LPS-treated macrophages.22  The PCA found in LPS-treated H-M' has a number

of biochemical properties that clearly distinguish it from thromboplastin.

These properties are summarizee in Table 3. Of interest, however, is the

observation that combination of the H-M PCA with tissue thromboplastin results

in a 10-fold greater activity than expected from the separate activity of the

H-M PCA and the tissue thromboplastin. These data are shown in Table 4 and

suggest, together with the biochemical characteristics of the 14-11 PCA, that the

H-?M PCA is an enzyme with properties similar to those of activated coagulation
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TABLE 3. PROPERTIES OF THE HEPATIC MACROPHAGE PROCOAGULANT
ACTIVITY (H-Mo PCA)

H-V PCA Tissue Thromboplastin

Heat labile 560C, 30 min Heat stabile, 560C, 30 min

DFP sensitive VFP resistant

DASA sensitivea

Corrects Factor VII Does not correct Factor VII

deficient plasma deficient plasma

Activates Factor X to Ya Activates Factor VI

a H-M were pretreated for 15 min at 370 with 5 uM diazonium salt of sulfanilic

acid (DASA).

TABLE 4. EFFECT ON COMBINING H-No LYSATES AND BRAIN THROMBOPLASTIN
ON THE TOTAL PCA

Heat Treated (560C)

Untreated 20 min 40 min

H-M Lysatea 10,000 (100)b  3,200 (32) 800 (8)

Tissue Factorc 9,800 (98) 9,600 (95) 8,800 (88)

Combination (1:1) 96,000 (960) 34,000 (340) 9,500 (95)

a H- lysates (approximately 5 x 105 cells/m 10 from cultures pretreated for 24

b hr with 1 ug LPS/ml medium)Numbers are representative of a typical experiment and represent PCA in
milliunits with neat thromboplastin standard equal to 100,000 milliunits. The
numbers in parentheses are percent of activity present relative to the activity
?f the lysate PCA in NRP being 100 percent.

Pabbit brain thromboplastin standard (1:10)

Factor VII. In this regard Curtiss et al. 23 have recently reported the

production of a PCA by LPS-treatee human peripheral blood mononuclear cells,

which was neutralized by antibody to human Factor VII. This PCA appeared to be

membrane bound, could be dissociated by EDTA treatment, and activates purified
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Factor X to Factor Xa. Thus, this LPS-induced human moncyte PCA appears to be

similar -o that first identified in the rabbit H-M. This suggests that the .

LPS-treated rabbit H-M may express Factor VII or Villa on the plasma membrane.

Chapman et al. have also recently described the induction of a PCA

associated with murine peritoneal exudate macroph'ages (PEP), which acts by

activating Factor X. Thus, different sources of M can produce a PCA in

response to LPS, which is most likely Factor VII. or VIla. This membrane-

bound PCA, together with tissue thromboplastin, may produce the initiating

signal for localized fibrin deposition and DIC observed after LPS injection. ..: .
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oISCAUSSIOu PERIOD WITH DR. ULEVITCH-
JR. .,-

UNKNflWN: What therapeutic implications do you see in regards to the

patient in septic shock?

DR.. ULEVITCH: That is a very difficult question. I think that right A-

now our goal is to take the information from these in vitro studies and try to . - -

develop ways to intervene in vivo. For example, one can assume that there is a

macrophage factor that suppresses steroidogenesis, which may play a role in

sensitizing a patient or an experimental animal to endotoxin. If that factor

could be obtained in pure form, you could devise a number of ways to intervene. o O

But at the present time, I think there are not any clear methods.

What I hope to do is to stimulate people who are working with

patients or other animal models to try to use this information in their studies

and see if it is relevant.

OP. WUSTRO.W: I have two questions. First, have you tried to u~se

LPS-resistant animals, like the C3H mice, which do not respond to LPS? Second,

a factor has been described called tumor necrotic factor. Is that factor

similar to what you have shown?

CP. ULEVITCH: There is at least one (and possibly two) strain of

mice that is essentially resistant to the toxic effects of lipopolysaccharide.

One of the strains is a C3V/HeJ. We have used macrophaaes from those mice, and

they do not produce this steroidocenesis suppressive factor in response to LPS. . .- "

They do, however, produce it in resporse to Listeria. So that is consistent. ..
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We have also shown that this acute-phase protein that somehow

modulates, or interacts with LPS in serum, cannot he induced in tfw 1e mouse t

by LPS, but can be induced by other non-specific inflammatory stimuli.

Everything we see fits with what is known about that mouse strain and its
unresponsiveness. , • . , * . %

I-..

In terms of tumor necrotic factor, we don't know if it is related or
not. There is a whole series of activities now being identified as elaborated

from macrophages. In addition to what I have described, there is a factor that

has actually been purified now from LPS-stirulatee macrophages, which can

produce the insulin resistance seen in septic patients or in experimental

models of endotoxic shock. It also acts on the fat cell by inhibiting the

synthesis of enzymes that convert glucose to lipids. What the relatioh.:hips.

are between all of these factors is as yet undetermined; however, they may be -

criticil in mediating injury.

OP. NETA: In your studies on steroidogenesis cuppressive factor from

macrophages, did you also have a chance to look at the properties of your ______-_

lymphokine preparation in the similar system?

OP. ULEVITCII: Lymphokines alone are not effective. The lymphokine

preparation we have is a crude supernatant, although it is from a T-cell

hybridoma. It is very rich in the lymphokine known as macrophage-activat-ng •

factor, or MAF, but we are not prepared to say which lymphokine is involvecd. I

think everybody who works in this field is faced with the problem of having

lots of activity and nothing they can clet their hands on in terms of pure

molecules.

PP. 'ETP: I agree, but did you test Rob Schriber's purified

inter-Feron/MAF preparations?

DD. 1ILFVITCH: It is likely that the r1AF is, in fact, gamma

interferon, and we have not tested any pure preparations of gamma interferon.
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INTROIDCTION

The aftermath of a nuclear accident or disaster will present another set

of problems to the attending physicians and other medical personnel. They

will be presented with alternatives not previously encountered in conventional

warfare or in our urban trauma centers. The source of these alternatives or

options is the combined-injury patient, that is, the physically injured or

traumatized person who has also been irradiated. Each injury can be a serious

problem under disaster conditions, but when combined, the single sublethal

injury can be quickly transformed into a lethal one. The significance of the

combined injury (CI) following a nuclear detonation is evident from the

medical records of the casualties treated in Japan. Over 40% of the

casualties from Hiroshima and Nagasaki suffered multiple injuries.

Experimental studies conducted on various animal models have revealed that the

combined effects of injury from more than one energy form or trauma are

synergistic in effect. Brooks et al. 1 showed that in a combined insult of

thermal burns following total-body irradiation, a dose of 25 r significantly

increased lethality following a burn of 20% body area. Alpen and Sheline, 2 in

a similar study using a rat model, showed that total-body X irradiation to a

sublethal dose of 100 R in combination with an LD50 level of burn injury

increased the lethality to 65%. Schildt and Thoren 3 have summarized the

characteristics of the combined injury syndrome. It must be mentioned that in

their case, the CI is defined as "a complex injury caused by a simultaneous

exposure to two (or more) forms of energy or traumata of various kinds." Here

it is not required for irradiation to be one of the traumas. Their

characteristics include the synergistic effect, a moderation of reaction

capacity, impaired wound healing, increased tendency toward shock, and

increased susceptibility to complicating infections.
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In the context of this presentation, exposure to a sublethal dose of

ionizing radiation is considered as the initial cause of the CI, followed by a

second stressor either immediately or within several days postexposure. A

substantial sublethal exposure to gamma or mixed neutron-gamma radiation

severely damages the hemopoietic system of the mammalian species.

Predisposition to bacterial sepsis by opportunistic pathogens and impaired

wound healing' are two of the major consequences of radiation-induced

hemopoietic and immune suppression. Functional cells are decreased within

days to critically low levels, and precursor and stem cells that are

responsible for the regeneration of mature cells may be depressed for weeks

after sublethal doses of irradiation.

,- The development of a large animal model for CI within the context. of a

nuclear disaster required that we describe, experimentally, the essential fea-

tures of the radiobiology of acute effects in the canine. The large-animal

model is also appropriate for assessing the immunologic, pharmacologic, and

surgical modes of intervention following CI. The canine model of CI at the

b AFRRI has stressed three developmental aspects: (a) establishing the radio- -

. biology of the canine hemopoietic system, (b) choosing a relevant model for

peritoneal sepsis, and (c) identifying several choices for physical trauma.

- This paper stresses the relevance of the first aspect, the radiation-induced

suppression and recovery of the hemopoietic system.

MATERIALS IND METHODS

ANIMALS. Healthy, pure-bred, male and female beagles (9-12 kg) were used

- in these studies. The dogs were treated to eliminate parasitic infections and -

were immunized against distemper, hepatitis, and rabies. They were observed

for 2 weeks before they entered the experimental protocol. They were housed

* in temperature controlled rooms, in individual stainless-steel cages, and fed

-_ kibbled laboratory dog food, which was supplemented once a week with high-

protein, canned-meat ration. Water was provided ad libitum.
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HEMATOLOGICAL VALUES AND HEMOPOIETIC CULTURE TECHNIQUES.

Peripheral blood was withdrawn from the cephalic vein and bone marrow

(BM) was aspirated from the ribs and iliac crest of anesthesized dogs (Bio- .

Tal, Parke Davis, A.J. Buck & Son, Baltimore, MD) into ieparinized syringes.

Peripheral blood leukocytes and platelets were counted .;sing a hemocytometer. 6

Plasma from a 1-ml aliquot of blood was harvested for the assay of colory-

stimulating activity (CSA). A 5-ml aliquot of blood was used for separation

of mononuclear cells (PBMC) using Lymphocyte Separation Medium (LSM,

Bionetics, Kensington, MD) and centrifuged at 1500 rpm (400 x g) for 35 min.

The mononuclear cell (MNC) layer was harvested and counted for viable

nucleated cells in a hemocytometer. BM-derived mononuclear cells were

harvested in a similar manner. These cell populations were then assayed for

specific heopoietic progenitor cells.

Granulocyte-macrophage (GM-CFC) and macrophage (M-CFC) colony-forming

cells were assayed using the double-layer agar technique as previously

described.4  Briefly, CSA was provided by using pooled plasma from dogs

previously injected with Escherichia coll (055:B5) lioopolysaccharide (List

Biologicals, Campbell, CA), which was added to the bottom agar layer (7%

vol/vol) of triplicate culture dishes. BM-derived MNC and PBMNC were plated

in the upper agar layer in concentrations depending on previous treatment. .

Colonies (> 50 cells) counted after 10 days and 27 days of culture were con-

sidered to be derived from.GM-CFC and M-CFC, respectively.

Erythroid progenitor cells (CFU-e) were assayed, using the. plasma clot
technique. For each cell sample, 2 ml of the plasma clot suspension was pre- * .

pared to contain 0.6 ml heat-inactivated fetal bovine serum, 0.2 ml of 25%

beef embryo extract, 0.2 ml of 10% oovine serum albumin, 0.2 ml (0.04 mg) L-

asparagine, 0.2 ml of 10- 3 M 2.-mercaptoethanol, 0.2 ml (1 unit) sheep erythro-

poietin (Ep) (Step III, Cor aught Medical Research Labs., Swiftwater, PA), 0.2

ml cells (concentration, yielding 1 x 105 to 5 x 106 cells per clot), and 0.2

ml of 37oC bovine citrated plasma. All ingredients were either reconstituted

or diluted with supplemented alpha medium (SAM),35 and control plasma clots

contained SAM in place of Ep. Immediately, 0.5 ml of this mixture was
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pipetted into each of three 17-m flat-bottomed wells in Linbro tissue culture -

plates, allowed to clot, and incubated for 72 hours at 370C in a humidified r..

atmosphere containing 5% CO2 in air. Plasma clots were then harvested, fixed

with 5% gluteraldehyde, stained with benzidine and gieffsa, and scored at 25 X

using a conventional light microscope.

PARAMETERS OF COBALT-60 AND MIXED NEUTRON-GAMMA IRRADIATION.

The canines were secured in Plexiglas holders for both types of exposure.

Cobalt-60 irradiation was bilateral at a dose rate of 0.1 Gy per minute to

various total-body, midline tissue-absorbed doses (MTD). Mixed neutron-gamma

irradiation was achieved in a gadolinium-lined exposure room from the AFRRI
TRIGA Mark-F pool-type thermal research reactor, operated in the steady-state

mode. Bilateral exposure was achieved by a 180-degree rotation at midtime of

the exposure. The physical parameters of the free-in-air exposure were an

everage neutron energy of 0.8 MeV and an average gamma energy of 0.9 MeV, a
neutron-to-gamma ratio of approximately 6 to 1, and a dose rate of 0.6 Gy per

min. The neutron-to-gamma ratio was achieved by imposing a 15-cm-thick lead

wall in front of the reactor core tank wall in the exposure room.

TABLE 1. DEPTH DOSE MEASUREMENTS IN A BEAGLE PHANTOM
AND SEVEN BEAGLE CADAVERS

Measured
Comparison of Midline to Measured in Cadavers

Free-in-Air Doses in Phantom (+ 1 sigma) .

TRIGA Reactor

Midline neutron dose (% air) 28% 34 (12)%

Midline gamma dose (% air) 210% 206 (21)%

Midline total dose (% air) 49% 52 (11)%

4- Midline neutron-gamma
dose ratio 1.1 1.4 (0.5)

Cobalt-60

Midline gammma dose (% air) 90%
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Measurements of dose depth were made at the center of a cylindrical

phantom (Table 1). The 15.2-cm diameter of the phantom was approximate to the .

mean 16-cm diameter determined from the measurement of 54 dog cadavers. The

phantom was made of 0.32 cm lucite and filled with muscle equivalent liquid.

For mixed neutron-gamma irradiation, the total neutron-plus-gamma dose

measured at phantom midline was 49% of that measured free in air; this figure

was used to calculate MTD for all dog irradiations. Dose measurements were

performed with paired 0.5-cc ion chambers, specifically an A-150 plastic

tissue-equivalent chamber with a methane-based tissue-equivalent gas and

magnesium chamber with argon gas. Actual animal irradiations were monitored .

with ionization chambers and sulfur activation foils mounted at fixed

positions in the exposure room, to provide corrections for variations in

reactor output.

ANTIBIOTIC, FLUID, AND PLATELET THERAPY.

The antibiotics ampicillin, 500 mg, (Polycillin-N, Bristol Laboratories,

Syracuse, NY) and gentamycin suflate, 30 mg (Garamycin, Scherring

Pharmaceutical Corporation, Kenilworth, NJ) were administered daily until the

WBC level reached 1,000/mm3 . Fluid support (lactated Ringer's solution), was

administered intravenously as dictated by clinical symptoms. Platelets (3-5 x

1010) obtained by plateletpheresis of donor animals were irradiated with 5,000

rads (cobalt-60 source) and transfused to canines on days 12, 15, and 18 post- 6

irradiation.

RESULTS

LETHALITY OVER A 30-DAY PERIOD (LD50/30) FOLLOWING EXPOSURE TO MIXED
NEUTRON-GAMMA IRRADIATION.

Shown in Table 2 are the 30-day mortality values for beagles bilaterally

exposed in the AFRRI TRIGA reactor to a range of doses of mixed neutron-gamma

radiation. These data placed the LD5O(30) value at approximately 1.15 Gy,

midline tissue dose. We have not yet been able to accumulate mortality data

for cobalt-60 exposure. However, literature values 5-8 place the LDO/30 for
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cobalt-60 bilateral exposure at approximately 2.60 Gy. Thus, based on 41

values the RBE for hemopoietlc lethality is approximately 2.26. .. 0

TABLE 2. THIRTY-DAY MORTALITY IN DOGS BILATERALLY EXPOSED TO
RADIATIONA AT AVERAGE NEUTRON ENERGY OF 0.8 MEY

Dose (Gy)b Dead/Total Time of Death (Days)e

0.75C 0/5 No Death
1.00c  0/5 No Death
1.25C 4/6 20.0 -
1.25d  0/6 No Death
1.50C 5/6 10.2
1.50d. 4/6 11.0
1.75d 4/5 1g.O
2.00d 3/4 6.5
2.25d 4/4 8.0
2.50c 4/4 4.0
2.50d 2/2 6.0.

aSee Materials and Methods

bMidline Tissue Dose. Median Lethal Dose taken to be 1.15 Gy.

LDSO(30) for cobalt-60 exoosure taken to be 2.60 Gy
(literature values 5-8)

CNo support

dSupport in form of fluids, antibiotics and platelets

eMean time to death for all lethalities

-JJ

The MTD chosen for a sublethal exposure to cobalt-60 gamma radiation in

our experimental protocol for the Combined Injury Program is 1.50 Gy.

- However, an equivalent MTD of mixed 'neutron-gamma radiation resulted in an

approximate LD85/30. This dose had to be reduced to 1.00 Gy before no

. lethality was observed. Based on an apparent RBE greater than 2.0 using MTD-

values, the hemopoietic analysis following exposure to mixed neutron-gamma

*I  radiation was conducted at an MTD of 0.75 Gy.
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PERIPHERAL BLOOD LEUKOCYTES AND PLATELETS.

EFFECT OF 1.50 Gy60 Co or 0.8 MeV NEUTRON RADIATION
ON CANINE WBC AND PLATELETS

0.8 MeV60CO neutron
125 -o- WBC -- -

100 ~- -- PLATELETS---

C 75.-

50 -\ A
M % \A

0 I 4I
01 3 5 7 101214 17 21 28 35 42 49 ..

DAYS POSTEXPOSURE

Figure 1. Peripheral blood leukocyte and platelet values as percent
of preirradiation values following exposure to either 1.50 Gy gamma or
1.50 Gy mixed neutron-gamma radiation. M4ean values 12 doqs (gamma)2
and 5 dogs (neutron-gamma).
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Shown in Figure 1 are the effects of 1.50 Gy cobalt-60 or mixed neutron-

gamma radiation on peripheral blood leukocytes and platelets. The 1.50-Gy

cobalt-60 gamma radiation significantly reduced circulating levels of white

blood cells to a nadir of approximately 30% of preirradiation levels within 7

days postexposure. Platelet levels* decreased much slower over the first week

and then dropped precipitously to a nadir of 25% of preirradiation levels by

day 10. Both parameters (total white cells and platelets) remained depressed

through 21 days before recovery toward control levels was observed. Full

recovery to preirradiation levels may require 5 to 6 weeks. Also shown in

Figure 1 is the response of these circulating elements to 1.50 Gy of neutron-

gamma radiation. It is obvious why this dose level has an LD of 85/30: both

components decrease at a greater rate to values less than 10% of normal within

5 and 9 days, respectively, for white cells and platelets, and both continue

to decrease until death. The dogs that do survive have shown slow recovery of

these parameters, with circulating levels at only 50% of normal by 7 weeks

postexposure. It is obvious from the standpoint of equivalent MTD's, that

equivalent hematological effects are not observed.

SENSITIVITY OF GRANULOPOIETIC (GM-CFC) AND MACROPHAGE (M-CFC)
PROGENITORS TO COBALT-60} AND NEUTRON-GAMMA IRRADIATION.

The survival of GM-CFC and M-CFC to both types of radiation exposure over

the dose range of 0.25-3.50 Gy is shown in Figures 2 and 3. Calculation of

the dose response over the exponential portion of the survival curves (semi-

log plot) yields the Do value. This Do value is a measure of the relative

radiosensitivities of (a) different cell types to radiation of the same

quality or (b) the same cell type to radiation of different qualities. This

allows a measure of the relative biologic effect of exposure to radiation of

different qualities seen between cobalt-60 gamma and TRIGA mixed neutron-gamma

radiation. The D0 is that dose needed to reduce a cell population to the 37%

survival level on the exponential portion of the survival curve. Do is also a

measure of the slope of that particular curve in the exponential region where

survival is linearly related to the log function of dose.
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DOSE RESPONSE OF BONE MARROW DERIVED GM-CFC
to 6UCo or MIXED NEUTRON:GAMMA RADIATION
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values, an apparent HBE of greater than 2.0 exists for sensitivity of Gt4-CFC
and M-CFC to mixed neutron-gamma exposu re relative to cobalt-60 ganmma

exposure. Note that the same total MTD of 1.50 Gy of cobalt-60 or neutron-
ganmma reduced the Gt4-CFC survival levels to approximately 12% and 0.9%,
respectively.

DOSE RESPONSE OF BONE MARROW
DERIVED M-CFC AFTER EXPOSURE to Co-60 or
MIXED 0.8 MoY NEUTRON:GAMMA RADIATION

0

L 0 1: S . '
00 o ILi.46
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RECOVERY OF BONE MARROW-DERIVED GM-CFC AFTER WHOLE-BODY EXPOSURE TO 1.50
GY COBALT-60 RADIATION.

Exposure of the canine to 1.50 Gy cobalt-60 gamma radiation reduced the "-

GM-CFC lev,,Is to approximately 12% of preirradiation values within 24 hours of

exposure (Figure 2). This dose level was sublethal, and recovery of the

granulopoietic progenitor cells to pre-irradiation levels required

approximately 28 to 35 days (Figure 4). GM-CFC levels remained depressed

through 5 days, followed by a marked recovery phase from day 7 through day 21.

Then, the recovery rate slowed and gradually reached normal levels over the

next 2 weeks, within 35 days postexposure.

RECOVERY OF BONE MARROW DERIVED-GM-CFC
AFTER 1.50 Gy TBI WITH 8°Co or 0.8 MeV NEUTRON
125 .

100 08 "b

w75 " "

L6.•

0 - I

Cj 60CO
25 * *OSenurn

0- -. e em

0'1 3 5 7 10 14 17 21 28 35 42

DAYS POSTEXPOSURE

Figure 4. Recovery of bone marrow-,!erived GM-CFC as percent of pre- _
irradiation values following exposure to 1.50 Gy gamma radiation. "
Each value represents individual dog response.
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A DIGRESSION: EFFECT OF GLUCAN ON SURVIVAL OF MICE EXPOSED TO A 100%

LETHAL DOSE OF COBALT-60 RADIATION.

Glucan is a poly-glycan immunomodulator that is isolated from the inner

cell wall of the yeast Saccharomyces cerevisiae, and consists of B 1-3 linked

glucose moieties. When glucan was administered to mice 1 day before whole-.

body lethal irradiation (900 rads, LD100/30 cobal-t-60), approximately 50% of

the mice survived (> 12 months) this otherwise lethal radiation insult (i.e,

100% of controls died by 14 days postirradiation). Experiments are now in .,

progress to examine the radioprotective effects of glucan when administered

after irradiation.. p

It appears that the ability of glucan to enhance survival following

irradiation is related to glucan's effects on enhancing hemopoletic recovery.

In general, if glucan was administered either 1 day or 1 hour before or 1 hour

after sublethal radiation (650 rads cobalt-60), all hemopoietic progenitors

(CFU-s, GM-CFC, SFU-e, CFU-e, and HSC) recovered 4-7 days sooner in glucan-
treated than in irradiated control mice.9-1 :
DISCUISSION

The groundwork for establishing a combined-injury program is provided by

establishing the variables to be co:Lrolled and the animal models that must be A

used to answer specific questions about the expression of combined injuries .

and the valid extrapolation to human response. In the contexf of our program

at AFRRI, radiation exposure in the sublethal range is a basic component with

which a secondary insult of physical trauma is combined. It is imperative,

then, that we describe the experimentally essential features of the radio- •

biology of our canine model. The dose of 1.50 Gy (MTD, cobalt-60 gamma whole-

body radiation) in the canine was chosen for several reasons: (a) It is sub-

lethal and yet (b) it decreases the granulocyte-macrophage progenitor cells to.

concentration less than 12% of normal, and thus provides a significant

hemopoietic stress, (c) STANAG 2083 (NATO Commander's Guide on Radiation

Exposure) defines the Radiation Exposure States (RES) where an -xposure

greater than 1.50 Gy is the highest value a soldier can normally receive

without exceeding the emergency risk, 12 and (d) the canine has an approximate
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L050/30 of 2.60 Gy of cobalt-60 radiation (MTD). 5-8  Man has been predicted

to have an LD50/30 somewhere between 3.00 and 4.00 Gy, whereas the monkey

exhibits an LD50/30 for an average absorbed dose of approximately 5.25 Gy.
13 -

15 These values place the canine lethality response closer to man; therefore, 2..
the canine is an appropriate radiobiological model.

,e

This presentation reoorts some of the parameters (lethality,

hematological value, Do value, and hemopoietic recovery) that describe the

canine response to radiations of different quality, that is, cobalt-60 gamma

and mixed fission neutron-gamma radiation.

LETHALITY AND RBE.

A significant amount of literature establishes the LD50/30 for

hemopoletic death of the canine at approximately 2.60 Gy for cobalt-60 gamma

irradiation, including X Irradiation of the energies 1000 kVp and 2000 kVp 16-

20 and an average of 2.28 Gy for exosure to 250 kVp X Irradiation. 21-26

These published data indicated a neglig-ble RBE between the cobalt-60 and

high-energy X rays but did estimate a small but siqnificant RBE of 0.87 for

these higher energy radiations compared to the standard 200-250 kVp

X irradation. This value is similar to that reported by Sinclair 27 for

LD5O/30 values in the mouse, relative to ,,-.,,a and X irradiation.

Exposure of the beagle to our TRIGA mixed-fission neutron-gamma source

resulted in an LD50/30 of 1.15 Gy MTD. This value is significantly lower than

the L050/30 values for fission neutrons of the comparable 1-MeV energy

published by Alpen et al. 28 and Ainsworth et al., 18 with MTDs of 239 rads and

209 rads, respectively. Calculation of the RBE by these investigators

resulted in values of approxinately 0.90 for Alpen et al. with reference to

250 kVp X irradiation, and 1.38 for Ainsworth et al. with reference to 1 mVp

X irradiation. Our observed RBE relative to the standard 250-kVp X-ray.

exposure would be approximately 2.0, based on the reported averaae MTD L050/30

of 228 rads versus our value of 115 rads (an RBE siqnificantly higher than

previously reported, as mentioned above). Broerse et al., 13 however, have
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reported a similar RBE for fission neutrons relative to 1-ftp X Irradiation in

the primate system. They recorded a total absorbed dose of 2.60 Gy for an

LDSO/30 from fission neutrons of 1 MeV energy relative to 5.25 Gy for 300-kVp
X rays. Thus, the RBE is approximately 2.0 for occurrence of the bone marrow

lethality in the rhesus monkey. Similar results have been observed for

L050/30 values in the murine system. Davids,2?9 Stewart et al.,30  and

Ainsworth31 have all reported RBE values of approximately 2.0 for LD5O/30 *.-... ..

values for exposure to fission spectrum neutrons versus cobalt-60 or

X Irradiation.

HEOMPOIETIC RESPONSE.

The 1.50-Gy whole-body exposure significantly reduced the circulating

blood elements: the white cells, platelets, granulopotetic, macrophage, and

erythroid progenitor cells. The nadirs for peripheral blood leukocytes and

platelets were observed at 7 days and 10 days, respectively. These levels

remained depressed at approximately 25%-35% of preirradiation values through 3

weeks postexposure. Recovery to within normal levels required 5-6 weeks, re-
flecting the significant although sublethal damage to the marrow stem; and

progenitor cell pools.

It is this significant and prolonged depression of circulating white

cells and platelets that must be considered when selecting medical treatment
for the combined-injury patient. The full complement of mature neutrophils,"

lymphocytes, and platelets will not be available to complete the wound-healing

process or resist infections for a critical peric,' of time, depending on dose

of radiatiun and nature of the combined trauma. The medica! considerations S

must be directed not only toward the initial existing condition ef the patient

but also toward the type of trauma &.d the situation that will exist 1-3 weeks

postexposure. 32

rhe reason for the depletion of peripheral blood cells is the sensitivity

of their respective progenitor cells and of the pluripotent stem cellj
populations to the ionizing radiation. 33-36  The sensitivity of the canine GM-

CFC and M-CFC, calculated from survival curves over a broad dose range, yield
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approximate Do values of 0.73 Gy and 0.89 Gy, respectively. The sensitivity

of the GM-CFC population measured as number per 105 mononuclear cells is

consistent with the literature. 33-36  Since we cannot measure the total

cellularity of the canine because of experimental design, these values express

only the effect of radiation on the relative values of GM-CFC, M-CFC, and CFU-

e (per 105 MNC) rather than on the absolute number in that marrow location

(total per gram of tissue based on total nucleated cells/g of tissue). Wilson

et al., 33 using such a technique for determining the absolute recovery of GM-

CFC in weanling beagles, determined the DO value to be approximately 70 R

following cobalt-60 gamma irradiation. Wilson's results predict that our

1.50-Gy dose reduces the rib marrow cellularity to approximately 60% of

normal. Since our Do values are similar (73 rads versus 70 R), we could

extrapolate our GM-CFC survival fraction to decrease from 12% to roughly 7%,

based on total content per gram of rib marrow tissue following 1.50 Gy of

gamma radiation.

The RBE based on MTD as observed in our lethality experiments should also

be reflected in the radiation sensitivity of marrow progenitor cells, since it

is the destruction of these cells-that causes the mortality observed over the

subsequent 30-day period, known as the hemopoietic syndrome. The calculated

RBE's for GM-CFC and M-CFC, as defined by their Do values, were indeed greater

than 2.0 as observed for the LD50/30. The equivalent biological effect may be

viewed from another angle: The respective LD50/30's for gamma (2.60 Gy) and

neutron-gamma (1.15 Gy) irradiation should result in a similar percentage sur-

vival of marrow progenitor cells. Indeed, the observed value taken from the

respective survival curves is approximately 2% survival.

The final aspect of this report is the recovery time necessary for the

marrow granulopoietic progenitors to return to preirradiation values. As

mentioned above, it is parameters such as this, in addition to the values of

the circulating mature cells, that determine the ultimate survival of the

patient who encounters a secondary challenge delayed in time from the initial

combined-injury or sinqle-radiation insult. Granulopoietic progenitor cells

in the canine marrow required 5-6 weeks to reach preirradiation levels. This

agrees well with the results of Gerlhartz et al. 34  and Nothdurft and
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Fliedner. 35  These collaborators have performed an excellent series of

experiments defining the canine hemopoietic response to a range of sublethal

doses of low-energy (300 kVp) X irradiation. Our data descr4 bing the canine

response to 1.50 Gy cobalt-60 and mixed-fission neutron-gamma radiations

suggest a significant RBE for the fission neutron irradiation. However, these

results are based on midline tissue-absorbed dose. The MTD was established by

Bond et al. 37 to be used as a relevant reference dose since free in air,

entrance, or exit dose have not been acceptable substitutes. It was their

intent to use a value to represent "the dose" received by an animal. This

value, MTD, was suggested with full recognition that in irradiating an animal

of any size, particularly such as a dog, some degree of inhomogeneity of dose

throughout the tissues will exist, .lo matter what type of radiation is used.

In quoting a single value for "dose" received by the animal, it is necessary

to fix on the dose received at some fixed location within the animal. Bond

states that the ideal is to measure the dose received by a specific critical

organ that would correlate with the biological end point, such as the dose

received by the bone marrow in the LD50/30 range. This cannot be done,

especially with reference to neutron and mixed neutron-gamma radiation. In

our particular circumstance, we recognize that a complex dosimetric condition ....

exists (Table 2). Our TRIGA exposure of the canine starts with a 6:1 neutron-

gamma ratio free in air with an average neutron. energy between 0.8 and 1.0

Mey, and it dissipates to a 1:1 ratio at a midline of 'unknown neutron energy.

We do not know (a) the depth-dose response, (b) the absorbed dose to the

critical organ, the bone marrow, (c) the spectral changes (neutron energy) as

the dose is absorbed, and (dl the resultant change in neutron-gamma ratio with

tissue interaction.

However, two technical reports 31,39 describe the depth dose within canine

and pig cadavers and the phantoms from mixed-fission neutron-gamma radiation

delivered by a TRIGA Mark-F reactor. Considering the reactor identity, the

approximate body sizes of the beaqle and miniature pig used, (approximately 16

cm wide, 8 cm midline), the similar neutron-qamma fields, and the published

depth-dose curves taken as percent of total neutron-gamma surface dose, we
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take the liberty of calculating the total dose delivered to the canine at
approximately 3-cm depth. The 3-cm depth is based on the proposed location of
a large percentage of active bone marrow:

FIA 3cr 3cm
Dose Depth Depth --

Biological Surface Dose Dose
Radiation Effect MTD(Gy) TAR (Gy) %FIA (Gy)

n Y 1%S GM-CFC 1.50 0.49 3.06 75% 2.30
' Y 1%S GM-CFC 3.56 0.90 3.96 95% 3.76

RRE 2.37 1.64

These calculations reduce the RBE from 2.37 based on MTD to 1.64 based on

extrapolation using depth-dose data from Wingate 38 and Verreli. 39  The 1.64

value is still considerably hiqher than the previously reported value of 1.38

by Ainsworth et al., 18 using the same reactor that Wingate evaluted for depth-

dose patterns.

Combined injuries are caused by two or more forms of trauma. In the

context of this paper, the primary form of trauma is the exposure to a

sublethal dose of ionizing radiation. The combination of a subsequent

sublethal exposure to mechanical or thermal trauma can change two individually

sublethal events into a lethal response for the combined-injury host. The

establishment of a canine model for radiation-induced aplasia and bacterial

sepsis will allow us to investigate the mechanisms involved in mediating the

cellular and humoral defenses against sepsis in the irradiated and traumatized

host. The larqe-animal model is also aopropriate for assessina the

immunologic, pharmacologic and surgical modes of intervention following com-

bined injuries. This paper describes the radiation-induced suppression and

recovery of the canine hematopoietic system.

Pure-bred, male and female, younq adult beagle canines (weiahing 9-12 kq)

were used throughoot this study. They were bilaterally exposed to either

cobalt-60 irradiation (at a dose-rate of 0.1 Gy per minute) or to mixed
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neutron-gamma radiation in the AFRRI TRIGA (reactor at a dose-rate of 0.6 Gy

per minute) to a predetermined total midline tissue absorbed dose (MTD). The

ne'jtron-gamma ratio free in air at the skin surface is approximately 6:1,

whlich cssipates to jpproximately 1:1 at midline tissue, with an average

neutron energy of 0.8 MeV.

The parameters measured were lethality, peripheral hematologic changes,

Do values for GM-CFC and M-CFC, and recovery of the hemopcietic system.

following exposure to.1.5 Gy cobalt-60 gamma radiation.

Exposure to 1.5 Gy cobalt-60 radiation was sublethal for 100% of the

dogs, and doses of 1.5 Gy and 1.25 Gy in the mixed neutron-gamma field

resulted in approximately 85% and 67% lethality, respectively. Exposure to

0.75 Gy was 100% sublethal.

Exposure of dogs over a dose range of 0.50-3.50 Gy of either gamma or

mixed neutron-gamma radiation resulted in significantly different 0o values

within the GM-CFC and M-CFC populations. The results show Do values for gamma -

exposure of 0.73 Gy and 0.89 Gy for GM-CFC and M-CFC, resoectively. Exposure

to mixed neutron-gamma radiation reduced these values to 0.30 Gy and 0.40 Gy,

respectively. Calculated RBE values for equivalent biological end-points

relative to MTO's for GM-CFC was 2.4 and for M-CFC was 2.2. An approximate

biologically equivalent dose for the 1.50-Gy coba'-60 radiation was taken as

0.75 Gy for neutron-gamma exposure. Hemopoietic recovery in dogs exposed to

1.50 Gy gamma radiation took 4-5 weeks to return to preirradiation levels.
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DISCUSSION PERIOD WITH DR. KacVITTIE

DR. BAUM: I think you ought to clarify your RBE calculation in dogs.

Neutrons attenuate rapidly compared to gamma radiation in larger dogs before

they get to the midline and thus represent a near uniform exposure. Years ago

Drs. Bond and Alpen estimated an RBE of one for the dog neutron'to gamma using

exposures similar to yours. My question is , do you know the actual dose to

the bone marrow before you estimate an ROE of 2.3? You get, a lot more neutron

radiation to the bone marrow as compared to the midline because of the bone

marrow's anatomical location. So probably the RBE is somewhere between one and -

2.5. How did you calculate it?, Did you use 0.66 of the dose free in air for

your midline tissue dose?

DR. MacVITTIE: Yes. However, the tissue to air ratio for our

exposures was approximately 0.49 if I am not mistaken.

DR. BAUM: Until you know the actual bone marrow dose it is

difficult to determine the true RBE. The midline tissue dose is useful for ROE

calculations if restricted to situations in which relatively uniform dose

distribution exists. For hematological death, the dose to the bone marrow, if

obtainable, would be more appropriate.

DR. MacVITTIE: Your questior is very valid and this is one of the

areas that is of great concern at AFRRI. We hope to be able to determine the

depth dose as as well as neutron energy at various anatomic sites in the near

future. That 0.8 MeV value is the average energy of the neutron in air at tne

surface; the dissipation of it, through the tissue is not known yet.

If we use the calculations of depth dose from the TRIGA provided by

Verrelli in the pig and Wingate in the dog for a dose at 4 cm depth, we can

reduce the RBE to approximately 1.64. Still significantly higher than the

value of 1.0 by Fond and Alpen and 1.38 by Ainsworth.

OP. CONKLIN: We h;!ve a contract for the development of Monte Carlo

computational capability to aive us not only dose, but spectral information at

any organ site of interest, not just the bone marrow. Hopefully that will be

in place within the next 12 mc ths.

UNKNOWN: When you spoke of the dog irradiation, the neutron to gamma
ratio was about 6 to 1. Do you expose your dogs unilaterally or bilaterally?

DR. M1acVITTIE: Exposures are unilateral, but rpcipients are rotated

at mid-dose so that the other side does get exposed.
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DR. McCOY: Have you tried post irradiation treatment with glucan?

Studies with interferon show a rapid return of immune competence as related to

natural killer cells following lethal cobalt irradiation. Our data suggested

there was a significant increase in survival of the animals irradiated and then

treated with interferon 24 hours later.

DR. MacVITTIE: To date, most of the data has to do with injecting

the glucan prior to exposure, but we have some data post-

exposure. Dr. Patcnen is in the audience, perhaps she would like to respond to

your comment.

DR. PATCHEN: Data that Dr. MacVittie showed were responses to

particulate glucan. Particulate glucan administered after irradiation, is not

effective, partially because it appears to sensitize animals to endotoxin

endogenously released after high doses of radiation. Soluble glucan, which we

have just recently obtained, does not sensitize to endotoxin and it looks like

it is going to be effective before and after irradiation.

DR. CAMP: Is someone at you, shop talking to the operational

commanders about the necessity of individual radiation detectors, because right

now I think there are only two in the Battalion. It is futile from a medical

treatment standpoint to depend on that area dose if you are looking at an

individLal. The question is, is somebody talking to the big guys up there?

DR. VacVITTIE: Jim, do you want to answer that?

DR. CONKLIN: We go through this every time we make our pitch each

year. I think Major Pete Meyers is here from the U.S. Army Nuclear and

Chemical Agency and they are well-aware that two dosimeters are issued per

platoon. It is a subject of discussion at every NATO meeting that we have.

Our allies, I think very correctly, feel everyone should have a dosimeter.

That is our feeling. We articulate it every chance we have. It has not been

accepted by TRADOC as standard for the U.S. Army, nor for any of the services.

DR. BAINES: In situations where you have either a toxic dose of a

chemical or one hit kinetics with irradiation, you may knock out a sensitive

population of cells and a resistant population may then repopulate. If an

animal has been irradiated one time, and allowed to recover, upon second

radiation would you expect to spe the same kinetics for recovery as you did in

the first case?
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DR. MacVITTIE: No, There has been a good deal of information done on
"residual damage" to the hemopoietic system. Dr. Baum, has shown that if you

exposed rats to 300 rads, of 60 Co ionizing radiation and wait a period of time,

before exposing them again, residual damage is such that the rat cannot

respond nearly as well to the second challenge. The same question is relevant

with respect not only to radiation, but as I have tried to indicate, in

response, to other types of combined injuries.

DR. CONKLIN: I have*a question for Dr. Santos. Dr. Santos, in the

bone marrow transplant patients at Hopkins who get nominally 1,000 rads

whole-body radiation, have you evaluated the T-lymphocyte population as being

functional or afunctional post-irradiation?

DR. SANTOS: In autologous or identical twin traasplants, we have

only done about 30 identical twins, there is little residual host immunity-with

normal T-cell subsets very early. As they come back what we see is something

that is very akin to the recapitulation of ontogeny. Cells possess markers,

but are afunctional.

I think the allogeneic system, although similar, is much more

complicated because of other things. We have not studied sublethal radiation -

to see if it, in point of fact, performs similarily.
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I NTROOUCTION

Coagulopathies have been reported to occur after many forms of stress and

trauma, especially when combined with thermal and radiation injury. 1-16  These

thrombohemorrhagic responses are likely consequent to. disturbances of the

delicate interplay of the hemostatic components (vasculature, platelets, and

plasma proteins), resulting in the systemic activation of the clotting-

fibrinolytic (and other) systems with eventual depletion of critical

hemostatic components. This syndrome of disseminated intravascular

coagulation (DIC), an intermediary mechanism of disease, is usually (but not

always) associated with well-defined clinical entities. It can manifest as a

wide clinical spectrum. For example, if the intravascular clotting process is

dominant and secondary fibrino(geno)lysis is minimal, then DIC may be

expressed primarily as diffuse thromboses. Alternatively, if the secondary

fibrinolysis is dominant, the clinical manifestation will be hemorrhage, by

far the most common expression of DIC. Patients often demonstrate

combinations of these two clinical manifestations, presenting anywhere in the

continuum between diffuse thromboses and/or hemorrhage.
17

Table 1 lists conditions associated with DIC. In each instance, the

systemic response relates to either platelet damage, vessel wall damage,

direct plasma protein (clotting factors) activation, or any combination

thereof.17

The patient with DIC presents a major problem in management. Thus a

clear understanding and definition of possible triggering events are desirable

and often necessary for efficacious control of the thrombohemorrhagic

condition.
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TABLE 1. CONDITIONS ASSOCIATED WITH DIC 17

A. Obstetrical Accidents

1. Amniotic fluid embolism
2. Placental abruption
3. Retained fetus syndrome

B. Intravascular Hemolysis

1. Hemolytic transfusion reaction
2. Multiple transfusions -- Banked whole blood

C. Septicemia

1. Gram-negative (endotoxin)

2. Gram-positive (mucopolysaccharides?)

D. Viremia (Varicella)

E. Solid Malignancy

F. Leukemias

1. Promyelocytic
2. Other

G. Acidosis/Alkalosis

H. Burns

I. Crush Injury and Tissue Necrosis

J. Vascular Disorders

Not all triggers can be avoided or controlled effectively, so therapeutic

agents must be used to minimize thrombosis and/or to remove (dissolve) already

formed thrombi. The success of that therapy depends on our understanding of

the basic mechanisms, pharmacologic and kinetic responses, and availability of

appropriate animal study models to assess the efficacy of potentially useful

therapeutic agents.
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In preparation for the development of a canine model of combined injury,
we prospectively evaluated, in vitro, the fluid-phase status of the
coagulation system in beagle dogs. Utilizing practical and well-established
testing procedures, we obtained baseline data on animals undergoing surgical
procedures and/or limited exposure to radiation and/or infection.

MATERIALS AND METHODS

ANIMALS

Sixteen beagle dogs, ranging in weight between 8 and 12 kg, were studied.
Of these, two served as controls (temporally housed in the same vivarium),
three underwent laparatomy, two underwent bowel resection, two were

splenectomized, one was exposed to total-body radiation (cobalt-60 gamma, 150
rad midline total-body), two were irradiated (same as above) and
splenectomized within 2 hours, and four were infected with E. coli (10 ml, 2 x
108/ml, injected in the colon wall).

SAMPLING

The observation (sampling) period ranged up to 28 days postintervention.
Blood was collected by venipuncture into 3.8% Na-citrate (9:1) and

centrifuged. The plasma was removed and immediately frozen in aliquots at -
700C. All clotting tests were performed on plasma samples thawed once. For
the assessment of fibrinogen/fibrin degradation products (FDP), blood was

coagulated with thrombin-EACA, the clot removed, and the defibrinogenated

plasma assayed at appropriate dilutions.

TEST PROCEDURES

The following determinations were made: Prothrombin time (PT), activated

partial thromboplastin time (APTT), thrombin time (TT), reptilase time (RT),
fibrinogen, Factor VIII, Antithrombin-III, and FDP. All clotting tests were
performed at 370C with commercially available reaqents (sample dilutions and
reagent concentrations accordingly adjusted as described below) and
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standardized using a three-dog plasma pool. All clotting times were recorded

in seconds (in duplicate) using a fibrometer (BBL Dataclot, Helena Labs.,

Beaumont, TX).

The prothrombir. time 18 and activated partial thromboplastin timel9 were

performed essentially as per manufacturer's recommendations (Ortho

Diagnostics, Raritan, NJ and General Diagnostics, Morris Plains, NJ,

respectively) with the following changes: After reconstitution and

immediately before use, the PT reagent was additionally dilutrd 1:10 in 0.025

M CaCi2, and the APTT reagent 1:32 in tris.-chloride ,0.02 M tris

(hydroxymethyl) aminomethane and 0.15 M NaCl. buffer, PH 7.2.

The thrombin time was performed by incubating 0.1 ml of sample plasma,

0.1 ml of tris-chloride buffer (described above), and 0.1 ml of bovine thombin

(Thrombinar, Armour Pharmaceutical Co., Kankakee, IL), the latter freshly

diluted to 3 units/ml it, the same tris-chloride buffer containing 0.1 mg/ml

bovine serum albumin.

The reptilase time was performed identically to the thrombin time, using

the snake venom from Bothrops Atrox (Sigma Chemical Co., St. Louis, MO). The

enzyme was diluted to approximate a clotting time equivalent to the thrombin

time.

The fibrinogen concentration was determined by a thrombin clottable

assay. 20  Basically., this consisted of incubating 0.2 ml of normal dog plasma

dilutions (1:5, 1:10, 1:20) with 0.1 ml of bovine thrombin (Thrombinar) at 10

units/ml, and recording the clotting times. All test samples were tested at a

dilution of 1:10, and the clotting times were interpjlated from the standard

curve.

Factor VIII-coagulant concentration was determined by the one-staqe

procedure21 using commercially available human Factor VIII-deficient substrate
plasma (George King Biomedical, Overland Park, KS). Ths onitdo

plsa (og in imdc, OeradPrK) This consisted of
incubating 0.1 r-l of APTT reagent (Platelin Plus, Ortho iaqnostics), 0.1 ml

of Factor VIII-deficient substrate, and 0.1 ml of normal or test olasma at
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dilutions of 1:100, 1:200, 1;400, 1:800, and 0.1 ml of 0.025 M CaCl 2 . A

standard curve (clotting time versus log Factor VIII concentration) was used

to interpolate values from experimental plasmas, and the values expressed as

percent of normal.

Antithrombin-III was determined as heparin cofactor by a two-stage assay,

as described .22 Experimental plamsa samples were tested at a dilution of

1:30, and values were interpolated from the standard curve.

Titration of Fibrinogen-Fibrin Degradation Products (FDP) was performed

using the Thrombo-Wellco test (Wellcome Diagnostics, Enqland) as per manufac-

turer's reconwmendations.

RESULTS AND DISCUSSION

The normal values for the test procedures described are summarized in

Table 2.

TABLE 2. VALUES FOR COMGULATION TESTS ON NOWRAL DOG PLASMA

Trst Value (Mean)

Prothrombin time 12 sec
Activated partial thromboplastin time 30 sec
Thrombin time 22 sec
Reptilase time 22 sec
Fibrinogen concentration 250 g/dl
Factor VIII concentration 6.5 units/ml
FDP Neqative
Antithrombin-III 1 unit/ml

It is evident that with the modifications introduced with respect

reagent concentrations and sample dilutions, the parameters described can be

reliably quantitated in canine plasma. Figure I summarizes the changes

observed.
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Figure 1. Changes in coagulation parameters in animals (beagle logs)

subjected to experimental procedures indexed on too left of figure.
Horizontal axis notes experimental day of blood sampling. Vertical axis notes

either clotting time (reptilase time, thrombin time, APTT, PT) or converted
concentration value expressed in mg/dl in the case of fibrinoc.en and in
percent of normal in the case of Factor VIII and Antithrombin II. Mean + SD
for control animals, observed for a period of 8 days, is indexed on vert'Tcal
axis. Arrow (day 0) represents time of experimental intervention.

In each instance, the profile of each qroup is expressed as the mean

value of the number of animals studied. Althouqh some animal-to-animal

variation was noted, It was observed that control animals studied for a period

of 8 to 10 days remained relatively stable with respect to the parameters
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addressed. Based on the changes noted in the experimental groups, it appears --

that global tests such as the PT and APTT are not sensitive enough to note

these changes. However, the other tests are, especially Fibrinogen, Factor

VIII, and Antithrombin-III.

Radiation alone (150 rads) did not dramatically effect either the in-

trinsic or the extrinsic coagulation system. Either (a) infection with E.

coli as described or (b) controlled surgical intervention, whether in the form

of laparotomy, splenectomy (with or without radiation), or bowel resection,

resulted in higher concentration of fibrinogen and Factor VIII. The former

peaked at about 3 days, and the latter peaked erratically up to 7' days

postintervention. This transient phenomenon of acute-phase reactions with

respect to Factor VIII and fibrinogen was expected, and has been previously

documented. 15,23,24  Concomitant and in accord with these responses were the

shortening of the thrombin and reptilase times, indicating a transient

hypercoagulable state.

Interestingly, the concentration of the naturally occurring inhibitor --

Antithrombin-III (heparin cofactor) was slightly reduced, at about 2 days

after experimental intervention. It gradually normalized within a few days,

depending on the experimental proccE!ure.

The consumption of this important modulator of the coagulation system is

generally attributed to the generation of serine proteases systemically, 25

implying that 3 slight "activationN (generation of active clotting factors)

indeed may have occurred.

Soluble degradation products of fibrinogen/fibrin (FOP) were never

detected throughout the described experimental procedures, implying that the

fibrinolytic response was negligible, if any. All parameters normalized

within a period of approximately 10 days.

It is concluded that, with minor modifications, most of the routinely

used clotting tests can be reliably aDplied to assess the fluid-phase status

of the coagulation system in the dog. Particularly sensitive to changes were
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the tests assessing the concentrations of fibrinogen, Factor VIII, and Anti-

thrombin-III. Results obtained with the described experimental procedures

reflect the lack of substantial "activation" of the coagulation-fibrinolytic

system. However, these should serve as a basis for further development in

establishing an appropriate canine model of combined injury. -
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DISCUSSION PRIO0 WITH DR. MURANO

DP. WUSTROW: As somebody who talks about the same subject later on,

I have some comments and a short question. First of all, I would advise that ...

you should analyze your animals at an earlier time point. Secondly, I am a bit

worried that you don't see any changes in the fibrinogen because fibrinogen is

an acute phase protein. You should see marked changes. Is your assay system

capable of picking up structural alterations?

DR. MURANO: Your first suggestion to analyze at an earlier time is

probably a good one. With respect to fibrinogen, I was under the impression

that we do see a substantial imount of change with all of the animals except

the one which was irradiated but underwent no surgical intervention. Changes

that you have documented, I believe, are in rabbits irradiated with 500 rads.

I don't know why we did not see a change in the fibrinogen levels in the animal

that is irradiated with 1.5 Gy.

I don't think that the spike of fibrinogen that we saw with the other

animals has anything to do with the small amount of radiation we used. It has

to do with routine, surgical intervention. Fibrinogen does spike, normally, as

an acute phase reactant. I suspect, fibronectin will react the same way.
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INTROOUCTION

Altered cell-mediated immunity following thermal injury has been

recognized since the 1950's, when prolonged survival of skin allografts in
1

patients with extensive burns was demonstrated. Further evidence of T cell

abnormality was supplied by King et al. in 1963 and confirmed by Rapaport in

1968, in studies showing that the anamnestic response to tetanus toxoid was• . 2,3

abrogated following thermal injury. A decline in the response of peripheral

blood lymphocytes to the T cell mitogens PHA and Monilia has also been reported
4,

following thermal injury. Direct measurement of the number of peripheral

blood lymphocytes by Kaplan and by Neilan et al. has demonstrated a decrease in

T cells while B cell numbers apparently remained normal. 5'7  Miller and Claudy

found extensive suppressor cell activity in thermally injured patients.8

Markley measured both cytotoxicity and proliferative T cell responses to

mitogens, and found evidence that thermal injury decreases the cytotoxic

activity of lymphocytes from spleen, abdominal lymph nodes, and the peripheral,

blood. He suspected that this effect was caused by a circulating

immunosuppressor.

Our own work has shown that burn-patient T lymphocytes, tested during the

acute phase of burn care, have a depressed ability to respond in vitro in 75%

of the cases studied.10 The likelihood that lymphocyte response is depressed

increases with the severity of the injury. It appears that the observed

reduction of patient lymphocyte response is mediated by the generation of
11

nonspecific suppressor T cells. The activity of these cells is usually

mitomycin-resistant, and appears to be short-lived since it can be abroqated by

a short period of cell culture. We have found that normal lymphocytes display

this same pattern of behavior when placed in culture in the presence of serum

drawn from patients with thermal injuries. Lymphocyte blastogenic response is

significantly reduced, and the generation of suppressor T cells can be

demonstrated. 12  While the immunologic literature suggests many possible
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serum-borne suppressor candidates, our work and the work of others indicate

that the products of arachidonic acid metabolism are major contributors. 1 2 15

The importance of an intact T lymphocyte response in protecting the: host

against infection is difficult to overstate. One of the best indications of

the consequences of T cell dysfunction can be seen in inuunGdeficient patients

with DiGeorge syndrome. These patients do not possess any T lymphocyte

response; yet, like patients with thermal injuries, they often have essentially

normal immunoglobulin levels. These patients are, however, inordinately

susceptible to infection with viruses, fungi (e.g., Candida), and Gram-,

negative organisms of "low virulence" such as enteric bacteria. 16  This same

constellation of clinical problems often occurs in patients with sAvere burns,

injuries already shown to result in abnormal T cell function.

Normal T cell function is critical to the burn patient on yet another

level, that of the gene:ration of suppressor cells. Such suppressor cells- not

only function in the regulation of T lymphocytes in the host, but also have at

least some degree of influence over almost all of the other immunologically

active cells of the body.17  It is interesting to note that the first

observation of inappropriate suppressor cell activity was related to -

Pseudomonas aeruginosa infection in animals.

Prostaglandins appear to be involved in the generation of many burn injury-
18,19related vascular and tissue viability problems. A recent report by

Heggers et al. described the direct release of large quantitites of

prostaglandins from skin cells as a result of thermal injuries. 20  Also, it is

now clear that prostaglandins are potent lymphokines 15'21"2 which, along with
15,23 "..

the leukotrienes, have immunoregulatory properties. Exogenous addition of
prostaglandins has been shown to prolong allograft survival, suppress in vitro

humoral responses to sheep red blood cells, inhibit mitogen stimulation,25

inhibit mixed lymphocyte reactions, 26and inhibit cellular cytntoxicity.27

Finally, it is now clear that prostaglandins are instrumental in the activation

of suppressor cells.
15'28

- In the following discussion, I h,!ve summarized some of our recent findings

relating to 'the occurrence of depressed lymphocyte response in patients with

major thermal injuries, with special emphasis on the participation of the

prostaglandins. Evidence that plasma exchange may reverse this deficit in the

lymphocyte response is being presented by Glenn Warden.,

207



NETHDS

The methods we routinely employ for collecting and storina patient serum

samples; for the in vitro study of lymphocyte response; for quantitating

endotoxin, interferon, and prostaglandin; and for column chromatography have P.

all been recently outlined in detail.
2 ,13 ,29

RESULTS AND DISCUSSION

During the past 2 years, we have shown that burn-patient lymphocytes,

studied during the acute phase of burn care, generally have a depressed ability

to respond in vitro. Table I summarizes the blastogenic response of

lymphocytes from ten example burn patients, when cells were placed in one-way

mixed-lymphocyte cultures. All ten patients had third-degree thermal injuries

of greater than 50% body surface area.. In these studies, each patient served ...

as his/her own control. Sequential serum samples from approximately 60 burn

patients have been tested in this manner. As indicated by the Table, profound

suppression of lymphocyte response is the general rule in these patients,

commencing 1-2 days following injury and continuing until wound closure and

metabolic stabilization. Profound suppression was observed whether the patient

had sustained a flame burn, scald, or electrical injury, and recardless of sex,

?ge, respiratory injury, or concomitant pathology.

TABLE 1. EFFECT OF BURN ENVIROU4ENT UPON LYMPHOCYTE RESPONSE

PATIENT CELLS NOPMAL CELLS

PATIENT IN NORMAL SERUM IN PATIENT SERUM

1 94% sp 9E sp

2 99% sp 99% sp

3 71% sp 72% sp

4 82% sp 78% sp

5 50% sp 45% sp

6 89% sp 82% sp

7 97% sp 98% sp

8 93% sp 97% sp

9 87% sp 89" sp

10 90% sp 90% sp
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We have found that normal lymphocytes displayed this same pattern of

behavior when placed in culture in the presence of serum djawn at the same time

as the cells above, from patients with thermal injuries. Typical suppressive

activity of sequential serum samples drawn from patients with major thermal

injuries is summarized in Figure 1. We have plotted post-injury day versus the

suppressive activity of patient serum as measured inr mixed-lymphocyte culture.

SUPPRESSIVE ACTIVITY OF PATIENT SERA

at

.
,,.5-0

50-

IjJ

F.25-
Z SEPSIS SEPSI

0..

0 10 20 30 40 50 617

DA'.'S POST-INJURY

FIGURE 1: Suppressive activity of patient sera.

Such studies reveal the presen'e of immunosuppressive substances in the

serum of almost all patients with major thermal injuries. These substances

appear very quickly following injury (they often can be demonstrated within 24

hr) and persist for weeks to months, depending on the severity of the injury.

Invariably, patient serum loses its suppressive nature as the: wnund is

surgically closed and the patient approaches hospital discharge. Patients who

do not survive have suppressive serum to the very end. In fact, suppressive
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activity often reaches a dramatic peak shortly before death. In reviewing -"_.

these data, we felt that defining the nature of serum-borne immunosuppressive

substances would be a great step toward understanding burn-related immunologic • -

changes. We therefore b.gan serum suppressor characterization by Sephadex

G-200 column chromatography in a totally sterile, pyrogen-free system.

Figure 2 represents the suppressive profiles of sera drawn from four

example burn patients, as determined by G-200 chromatography. We have plotted

the serum fractions (their approximate molecular weights) versus their

suppressive activity as measured in mixed-lyr,,phocyte cultures. The patients

ranged in age from 3 to 37 years; two were scald injuries, and two were flame ...

injuries. All patients had third-degree burns representing approximately 60%

of the body

o Patient #one (Day 17)
80- * Potient* two (Day 15)

a Patient # three (Day 21)
"e A Patient # four (Day 4)

c 60-

0 40- vI
0

20-
a. o o 'o Io
0

I -4U

b 0 0 0
0 0 0 0 0 0

0 0
APPROXIMATE MOLECULAR WEIGHT OF FRACTIONS

FIGURE 2: Approximate molecular weight of fractions.

surface area. Serum from patient I was drawn 17 days post-injury; patient 2,

on the 15th day; patient 3, on the 21st day; and patient 4, on the 4th day.

Suppressive components of four distinct molecular weight ranges were observed.

We have, to date, tested sera from approximately 25 patients in this manner.
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These unexpected results indicated that, while suppression was not

confined to a single molecular-weight species, suppression was generally

confined to six areas. The fact that there was more than one lymphocyte

suppressor finally helped us to reconcile earlier mixed results concerning the

heat and pH stability, dialyzability, and limulus reactivity of suppressive

sera. Conflicting results could now easily be explained on the basis of

different suppressors in different test sera.

In order to determine whether or not the occurrence of the six peaks of

suppression was due to population selection, we set out to test homogenous sets
of serum samples--those obtained from single patients over the acute period of

burn care. Results obtained from one of these patients are summarized in

Fioure 3. The burn patient represented in this Figure sustained an 80%-body-

surface-area flame burn (60% was third degree) with a complicating, acute
respiratory injury. The sera we tested were drawn at 4 days, 5 days, 30, 47,

and 53 days post-injury. When the last sample was drawn, the patient was in

septic shock and died the following day. Again, multiple suppressive species

were observed in the test sera.

Thus, it was very clear that multiple circulating lymphocyte suppressors

existed. While these appeared to be confined to specific molecular-weight

regions, they varied in occurrence with different patients as well as within

individual patients over time. We were therefore not attempting to define the

occurrence and activity of a single suppressive substance, but rather had the
task of identifying a whole system of suppressors. The immunologic literature

provides a generous supply of possible suppressor candidates. A few of these

are listed in Table 2. Our studies to date have considered four of these

candidates in some detail.

We have recently reported the presence of interferon in sera drawn from

burn patients. The data indicated a correlation between the production of
interferon (as measured by antiviral activity of sera in a VSV plaque assay)

and the presence of burn wound sepsis. Pone of the five control sera we tested

displayed significant antiviral activity, while one of ten non-specific

patients contained approximately 8 units of interferon. Five sera from ten

septic patients contained C-16 units; three had greater than 32 units of
interferon. While the interferon levels were certainly not spectacular, they

were sufficient to produce some of the immunologic changes observed in the

patients.
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- FIGURE 3: Approximate molecular weight of fractions.

We studied the elution pattern of 1000 units of human leukocyte intpr~pron

added to 0.5 ml of normal human AB negative serum. Suppressive activity eluted
in a region corresponding to approximately 150,000 daltons. Assays of the

antiviral activity of the fractions indicated that this suppressive activity

was indeed due to the initrferon added to the serum. The peaks of suppression

eluting at approximately 150,000 daltons from the patient sera represented in

Figure 2 and 3 all displayed antiviral activity. We therefore conclude that

the 150,000-dalton suppressor peak probably represents serum-borne interferon.

We have shown that endotoxins from a variety of sources and in extremely

minute quantities can have a profound effect on lymphocyte response. The very

*- lowest concentration we tested (1.0 ng/well) produced significant suppression

* [using four of the five endotoxins tested. By our calculations, one nanogram
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TABLE 2. CAUSES OF T CELL DEFECT IN BURN PATIENTS

Injury. itself (burn toxin?)

Circulating mediators (C' activation; AA metabolites)

Nutritional consequences*

Hormonal consequences (stress-induced)

Bacterial products

Consequences of medical inter%ention (tatrogenic):

Drugs, antibiotics, topicals

Multiple anesthesia

Multiple transfusion; blood products

Fluid resuscitation

of endo,,oxin is roughly equivalent to the endotoxin contained in 20,000.

microorganisms. The presence of endotoxin in serum drawn from patients with

thermal injuries can often be confirmed using the limulus ameobocyte ly!ate

assay. With this test, we have been able to demonstrate the presence of

endotoxin in approximately 10%-20% of the burn sera we have collected.

When 1.0 ug of endotoxin derived from E. coll 055:P5 was added to 0.5 ml

of normal human AR negative serum and subjected to separation on Sephadex

G-200, three peaks of suppressive activity could be demonstrated. These

corresponded to molecular weights of approximately 600,000, 400,000 and 40,000

daltons. Each of the suppressive peaks proved limulus-positive for the

presence of endotoxin. Four of the sera represented in Figures 2 and 3

contained s'ppressive molecules eluting at molecular weights of 600,000,

400,000, and 40,000 daltons. These were sera drawn from patient 1 (day ]7) and

from patient 4 (days 4, 5, and 53). Only one whole serum was-limulus-posltive,

was drawn on day 53 from patient 4 during a terminal episode of septic shock.

While the other whole sera were not limulus-positive, the fractions collected

at the three molecular weights listed above wpre all limulus-positive,

indicating the occult presence of endotnxin in these samples.

We have found that samples of Schoenenerger's human burn toxin are quite

suppressive to the mixed-lymphocyte response of normal human cells. Ouantities

of as little as 100 ng/ml produced statistically siqnificant suppression in our
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system. We also found, however, that these burn toxin preparations tested

limulus-positive for endotoxin. In addition, burn toxin appeared to have a

differential lethal effect when injected into C3H/HeJ (endotoxin resistant) and

C3HeB/FeJ (endotoxin susceptible) mice. While susceptible animals displayed

an LD50 of approximately 30 mg/g body weight, this dose, as well as 50 mg/g

body weight, produced no lethality in resistant animals. The presence of

endotoxin is tnerefore suggested.

The complex burn toxin molecule, however, contains at least one more

immunologically active compound, which might account for its activity. Our

radioimmunoassay procedure revealed that burn toxin also contained large

amounts of prostaglandin E. This test revealed prostaalandin concentrations in

the neighborhood of 2000 pg/ml burn toxin. The prostaclandin part of this

molecule also undoubtedly contributes to its immunologic activity, and may also

contribute to the differential lethal effects demonstrated in C3H mice.

Therefore, the question of the participation of a discreet "burn toxin" In the

immunologic changes following burn injury is irrently unresolved.

The role of prostaglandins in the regulation of tne immune response has

been well established during the past 5 years. Of all the products of

crachidonic acid metabolism, PGE? appears to have the greatest regulatory

significance, and appears to be instrumental In the generation of suppressor T

cells. The release of large amounts of prostaglandin (including PGE2 ) as a

direct consequence of burn injuries had been well documented; however, the
.participation of prostaQlandins in the immunologic changes observed follow!'ng

injury had not yet been determined.

We could readily demonstrate ther suppressive activity of prostaglandins

(ard particularly PGE?) using our lymphocyte assay system. However, we found

that the quantity of PGE demonstrated in patient whole sera by RIA, while

generally ouite elevated, did nit correlAte directly with the suppressive

activity of the sera in lymphocyte cultures. It is clear from our studies,

though, that not all of the PGF present in serum is routinely enmonstrated by

PIP. For example, we studied the concpntratiors of PGE detectnd in serum

fractions by PIA after the Additiorn of 1.n uq PG[ to 0.5 ml norrAl serum.

PpprrimAtply twice the concentration of PGF was indicated in the 1,0C0-rr

frartinn As in the 6P,000-m fractions. Totaling the corcentratior of PGF

detected in all fractiors accounted for only 0' of the PGF? added to the

Cclumn. On the other hand, hy followinq the elution of radioactive PU- frn
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the column, we confirmed that the greatest amount of PE 2 eluted with the

68,000-mw (albumin-rich) fraction, with a second peak at mw 3,000. By totaling

the radioactivity detected in the fractions, we could account for nearly all of

the PGE2 applied to the column. The inability of the RIA to detect the true

amount of PGE, particularly that associated with the albumin-rich fraction, may

be due to (a) the affinity of PGE 2 for this carrier, (b) the binding

configuration (possible internalization) of the PGE within the albumin

molecule, or (c) a technical flaw in our assay procedure. It should be noted

that the RIA seriously underestimates the quantity of PGE in the 3,000-mw peak

as well. This probably explains the lack of success in previous attempts to

correlate patient immunologic depression with the presence and activity of

pro;taglandins.30

The apparent lack of correlation between serum PGE levels and patient

immunologic depression can also be explained by the presence of additional .

suppressive substances in patient sera (Figures ? and 3). The net effect of

many of these substances on lymphocyt. response appears to be the same.

Our data support the conclusion that PGE is indeed responsible for the

suppressive activity of 3,000-mw fractions from burn patient sera. Suppressive

activity of many patient sera correlates very nicely with the amount of PGE

detectedIn the 3,000-mw fraction by RIA. In addition, both the nonspecific

procedure of delipidation (the removal of fatty acids, including the

prostaglandins) and the addition of monospecific rabbit anti-PGE2 significantly

reduced the suppressive activity of serum fractions.

While the association of prostaglandins (and other fatty acids) with the

serum carrier albumin is well documented, we were unable to find any prior

descriptions of prostaglandin or fatty acid associating with low-molecular-

weight peptides of 3,000 daltons. The literature is replete, however, with

descriptiors of low-molecular-weight suppressive peptides associated with

traumatic injury, advanced cancer, and other medical problems. Many of these

previously isolated suppressors may owe their activity to the association of

prostaglandin with the molecule.

Finally, it appears that lymphocytes are the source of at least one of the

suppressive moieties found in admission serum samples from burn patients. We

have arrived at this conclusion by isolating lymphocytes from burn patients.
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Lymphocytes were grown in culture dishes, and culture supernatants were

harvested after 48 hr. We found that burn-patient lymphocyte (and not normal

lymphocyte) supernatants were significantly suppressive not only to MLR, but

also to PHA and ConA responses of normal lymphocytes.

It is suggested by these experiments that burn patient lymphocytes do

produce a suppressive product(s) (lymphokines) during short-term culture.

Radioimmunoassay suggests th6t PGE is produced in such cultures and, again, may

account for at least some of the suppressive activity of cell supernatants.
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DISCUSSION PERIOD WITH DR. NINNDM 7

DR. McCABE: I was a little surprised to see Gram-negative bacilli

under your list of organisms in which the-e was an increased rate of infection.

I assume you mean only the intracellular types of Salmonella.

DR. NINMEMAN: We do'not consider Salmonella a burn-patient pathogen.

DR. MicCABE: I mean, are you implying that it has been demonstrated

that in patients with defects in cell-mediated immunity, Gram-negative bacilli

infect ons of the E. coli type, etc., have been demonstrated either in man or

experimental animals to be more prevalent?

DR. V'INNEMANN: Yes, particularly with intracellular infection.

DR. tlcCAFE: Only intracellular?

OP. !INNFEMAV: I understand your implied aualification, and it is

well taken. Antibody certainly is important in defense against Gram-negative

organisms.
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Dr. McCABE: Then that brings up a very germaine point: If for

Gram-negative bacilli, host-defense mechanisms are constituted primarily by

huoral antibody and phagocytic activity, how do you explain that these are the

major types of infections that burn patients have, yet the major abnormality

you demonstrated is in T-lymphocyte function, which is active primarily against

intracellular parasites? Yet, in the burn patient we don't see problems with

pneumocystls, mycobacteria, the characteristic types of organisms that produce

infections when there are defects in cell-mediated immunity.

DR. NINNEMAN: That is a very good question, and it is one I don't

have a very good answer for. What I can do, however, is cite patients with de

George syndrome as an example of a pervading T-cell defect. And the kinds of

organism that you see causing problems in de George patients are very similar

to the kinds of organisms that you have present in the burn patients, for

example fungi, cytomegatovirus, and herpes, as well as Gram-negative infections

of low virulence.

But, no, I don't have a good answer for that.

DR. McCOY: I think we ought to keep in mind that the assay used is

an MLR. The MLR does require a macrophage, to the best of my understanding.

OP. INNEMAHtJ: Yes, it does.

DR. McCOY:, And the defect itself may be at the macrophage level, not

the T-cell level. It is well-known that endotoxin turns off a series of

macrophage functions.

DR. IMNEMAN: Yes. And I don't mean to imply that I believe thdt

T-cell function is the only thing that is important. You can't pull out one

component of the immune system without considering all of the others, which is

essentially what I have done to present this data.
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INTROOCTION

Triuma, including burns, is a major cause of death in the United States.

Indeed, in the 1-44 age group, it is the leading cause of death. In the

individuals who survive the initial insult of burn or major trauma, over-
whelming infection is still the major cause of death. 1  It is important to

remember that this infectious insult occurs in the presence of a widespread

use of antibiotics. Numerous immunologic defects have been demonstrated in
burn and trauma patients and in correlative animal models. These defects

include alterations in cellular (neutrophil, macrophage and lymphocyte)

function 2-4 as well as the presence of putative suppressive factors in serum.5

In view of the immunocompromised state of individuals exposed to burns

and trauma, a logical approach to successful therapy might consist of immuno-
prophylaxis using nonspecific stimulators of host defense mechanisms. Several

years of studies with immunomodulators in various animals models suggest that

such treatment may have potential efficaciousness in burn patients. 6-9  A more

recent study in dogs exposed to thermal injury indicated significant increases
in survival with -nimals receiving C. parvum versus saline controls. 10

However, certain side effects of C. parvum may limit its clinical usefulness.

Consequently, further studies have been focused on synthetic immunomodulators

with fewer side effects.

>. The attractiveness of immunomodulator therapy for infectious disease in

burns is that it abrogates the potential development of antibiotic-resistant

strains of bacteria, and in addition, the spectrum of activity of an immuno-
therapeutant may be considerably greater than that observed using the

classical antibiotic theraoy. The present studies have focused on a

-2
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-Iclinically relevant model of immunosuppression, thermal injury, in examining
the therapeutic efficacy of snythetic inmunomodulators. The model of immuno-

suppression was used to optimize the anti-infective activity of the. immuno-

therapeutants.

MATERIALS AND METHODS

Animal Model. Female Hartley-derived guinea pigs, (350-400 g) obtained

from Murphy Breeding Laboratories (Plainfield, IN) were used for all

experiments. The model for producinq the immunosuppression has been
previously described.11 Hypersusceptibility co Pseudomonas aeruginosa 1244

challenge in this model lasts for 7 days with an approximate 100-fold

increased susraptibility over control animals. Male BALB/c mice (18-20 g)

were used for the CP-46,665 inflammatory cell infiltrate studies.

Drugs. The agents tested were CP-20,961, CP-46,665, muramyl dipeptide

(N-acetyl-muramyl-L-analyl-D-isoglutamine), TP-5 (thymopoietin pentapeptide),

levamisole, and Li2CO3. CP-20,961 and CP-46,665 are. synthetic lipoidal amines -

- ,that were synthesized by Pfizer Inc. (Groton, CT). They have been shown to

have distinct immunomodulatory activity,12 and are administered i.v. in Intra-

lipid. Muramyl dipeptide (MOP) has been shown to enhance inmune responses and

to increase resistance to infection in. a variety of animal models.13  MOP was

purchased from Calbiochem (La Jolla, CA) and administered i.p. in saline

solution. TP-5 is the active petapeptide portion of thymopoietin; although

known primarily for its thymic differentiation activity, it has many effects

on the immune system.14

TP-5 was provided by Ortho Pharmaceutical Corporation (Rahway, NJ) to

DJS, and was administered i.v. in saline. Levamisole has long been known to

have effects on the immune response both in vivo and in vitro. 15  Levamisole
was purchased from Sigma Chemical Company (St. Louis, MO), and was

administered orally as a sterile solution in 10% dextrose. Lithium has been

shown to have a variety of effects on immune functions, both in vivo and in
vitro, thought to be mediated via cyclic nucleotides.16 Lithium carbonate was

purchased from Sigma Chemical Company (St. Louis, MO), and was administered

orally as a sterile solution in 10% dextrose.
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Experimental Design. The use of this animal model allowed us to test

immunomodulators in a clinically relevant system. Treatments with druqs were

not begun until 24 hours after injury, and did not extend past the time of

bacterial challenge, which was 96 hours following thermal injury. Details for

each agent tested are given with the results.
4

Statistical Analysis. Survival data were analyzed at the University of

Cincinnati Computer Center using SAS program packages and BMDP life tables and

survival Functions. For survival curves, two statistical tests were applied,

the Generaized Wilcoxon (Breslow) and the Generalized Savage (Mantel-Cox). "

Cell infiltrate and functional data were analyzed usinq Student's t test.

TABLE 1. SURVIVAL OF GUINEA PIGS IMUINE COMPROPISED WITH Li2CO3*

Druq Placebo

Live 21 20 4

Dead 19 17

Sum 40 37

* 4
Administered orally (20 mg/kg) in dextrose solution daily for 4
days prior to challenge with I LD50 of P. aeruginosa.

/
A TABLE 2. MURA14YL DIPEPTIDE IN IMMUNE COMPROMISED GUINEA PIGS

Drug Placebo

Live 11 8

Dead 9 12

Sum 20 20

Administered i/p. (I mq/kg) in saline daily for 3 days prior to .

challenge with I LDso of P. aeruginosa.
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TABLE 3. LEVANISOLE IN IMNE C04PROISED GUINEA PIGS

Drug Placebo

Live 4 11

Dead 16 9

Sum 20 20

Administered orally (20 mg/kg) in dextrose solution 24, 28, and
72 hours prior to challenge with I LDS0 of P. aeruginosa.

TABLE 4. VP-20,961 IN IMMUNE COMPROMISED GUINEA PIGS

Drug Placebo

Live 56 58

Dead 64 62

Sum 120 120

Administered i.v. (10 mg/kg) in Intralipid either 24, 48, or 72
hours prior to challenge with 1 LD50 of P. aeruguinosa.

I

RESULTS

As shown in Th-bles 1-4, neither lithium carbonate, muramyl dipeptide,

levamisole, nor CP-20,961 improved the survival of the immune suppressed

quinea pigs that had been challenged with P. aeruqinosa. Lithium (20 mg/kq,

p.o.) was administered beginning 24 hours post-injury and given daily for 4

days. The animals were challenqed with 1 LD50 of P. aeruqinosa 96 hours post-

injury. MDP (1 mg/kq, i.p.) was given i.o. at 24 hours post-injury and again

at 48 and 72 hours, prior to a challenge with 1 LD50 of P. aeruqinosa 96 hours

post-injury. Levamisole (20 mg/kg, p.o.) was given 24, 48, and 72 hours post-

injury, orior to a challenge with 1 L050 of P. aeruqinosa 96 hours post-

injury. Similarly, CP-20,961 (10 mg/kq, i.v.), given as a single dose either
A
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24, 48, or 72 hours post-injury, had no effect on survival after challenge

with P. aeruginosa (Table 4). The results obtained when CP-20,961 was

administered at any of these three times were statistically indistinguishable;

thus, the data in Table 4 are the compilation of all three test groups.

Another lipoidal amine, CP-46,665, given 2s a single dose (0.3 mg/kg, •

i.v.) 24 hours post-injury but prior to challenge with P. aeruginosa 96 hours

post-injury, significantly impro;ed survival (Table 5). Other experiments

(not shown) demonstrated that this protective effect was still seen when CP-

46,665 was aiven 72 hours post-injury (only 24 hours prior to bacterial - S

challenge).

TABLE 5. CP-46,665 IN IMMUNE COMPROMISED GUINEA PIGS

Drug Placebo

Live 34 21

Dead 6 19

Sum 40 40
S

Administered i.v. (0.3 n'q/kg) in Intralipid once 24 hours after
injury but 2 days prior to 1 LO50 challenge of P. aeruginosa.

Likewise, the active portion of thymopoietin, TP-5 (0.1 mg/ke, i.v.), be-

ginnina 24 hours post-injury and repeated at 48, 72, and 96 hours post-injury

prior to challenge with P. aeruginosa at 96 hours post-injury, significantly

improved both survival time and mean survival time (Table 6). The proportion

survivina was increased from 40% to 80% and MST from 6.9 days to 11.6 days.
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TABLE 6. TP-5 IN IMMUNE COMPROMISED GUINEA PIGS

Drug Placebo

Live 24 12

Dead 6 18

Sum 30 30

Given in multiple doses (0.1 mg/kg, i.v.), beginning 24 hours
post-injury and repeated every 24 hours up to and including the
day of bacterial challenge.

TABLE 7. PN LITERATIONS FOLLOWING ADMINISTRATION OF
CP-46,665 TO IMUNE COMPROMISED GUINEA PIG

Hours Post-Drug

Assay 24 48 72

Cidal Activity t  No No No

Enzymes No 2 x MPO 2 x MPO

Chemotaxistt Normalized 50% restored 5j% restored

Cidal assay: Peripheral blood PMN's incubated with normal serum for 3 r
hours with Pseudomonas or E. coli at ratio of 5:1 or 5C:1 (bacteria:PMN)
and then washed and plated.

tt CTX: 10 mq FMLP injected i.p. and 120 minutes later peritnneal cavity
lavaged. Number of cells and differential done on washout. Normally a
twofold increafe is observed.

CP-46,665 administered i.v. at 10 mg/kg

As demonstrated in Table 7, certain functional characteristics of PMN's

were restored following CP-46,665 treatment in the immune suppressed animals.

PMN myeloperoxidase was increased twofold above the compromised controls which

had not received CP-46,665. Concurrently, the number of PMN's infiltrating
the peritineal cavity following intraneritoneal adminstration of the
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chemoattractant FMLP was restored to 50% of that seen in control animals.

Additional studies in mice suggested that CP-46,665 was inducing a profound

increase in PMN's in the peritoneal cavity in a dose-related mariner (Table 8).

The response time was rapid, occurring by 4 hours and lasting for 48 hours.

Mononuclear cell infiltrate appeared to be minimal.

TABLE G. EFFECT OF I.P. !NJECTION OF CP-46,665 ON
PERITONEAL CELL POPULATIONS IN BALB/c MICE

Drug Dose

Time Post-Injection Saline Intralipid 10 mg/kq 5 mg/kq 0,3 m.9/kg

4 Hours:
Cell o.t  2.8 + 0.3 2.7 + 0.4 5.9 + 1 3tt 3.4 + 0.6 2.5 + 0.4
% PMN 3.2 1.9 12.6 + 7.8 71.0 " 6  44.1 + 7.5tt 14.4 33

24 Hours:
Cell No. 3.1 + 0.6 4.2 + 1.2 15.6 + 2. 1tt  14.2 +2. tt  4.5 + 0.5
% PMN 7.8 + 5.3 18.4 + 8.5 44.9 + 3.4" 52.4 + R.6 18.0 + 4.7

48 Hours:
Cell No. 3.9 + 0.2 2.9 + 0.3 8.0 + 1.6

tt  8.1 + 0.8 3.2 + 0.3
% PMN 0.9 + 0.2 1.0 + 0.4 14.1 + 0.4 1 2.2 ;2.9tt 2.1 ; 0.8

72 F-iurs:
Cell No. 3.3 + 0.4 5.6 + 1.6 4.5 + 0.7 6.9 + 1.1tt  2.3 + 0.3
% PMN 1.1+0.4 5.5+4.3 7.8+3.0 1.1+0.2 1.4+0.4

96 Hours:
Cell No. 3.8 + 0.5 8.6 + 2.8 6.2 + 0.3 5.1 + 0.4 3.0 + 0.4
% PMN 0.4T.2 2.5 1.7 0.8+0.2 1.370.4 0.9T0.2

t cell no./mouse x 10-6

tt Mean + SE
* p 0.05
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DISCUSSION

Interest in immunomodulators grew about 10 years ago because of their
potential use in the treatment of malignant disease.17 The earliest agents

used were intact microbes or microbial products. These had the disadvantage

of undesirable side effects. Moreover, their complex chemistry precluded the

definition of a precise pharmacologic mode of action. Consequently, researc.1

efforts have led to discovery of a variety of chemically defined compounds

having immunomodulatory properties.

Most of these agents also stimulated host resistance to infection.

However, clinical use for this purpose has been sporadic.18  The prevalence of

infection as a cause of death in burned individuals suaqests that

immunomodulators could be of benefit in this group of patients. A previous

study in animals immune suppressed by thermal injury showed a beneficial

effect of the bacterial immunomodulator Corynebacterium parvum (Coparvax). A

clinical study is presently under way. Een though efficacy may be

demonstrated, C. parvtzm has the disadvantages of side effects and the complex --

pharmacology cited above. Consequently, we have been interested in synthetic

compounds.

In this report we describe a clinically relevant small animal model that

is useful for evaluating immunomodulators for potential use in burn patients.

Using this model, we examined six low-molecular-weight compounds for the

ability to enhance resistance to a challenge with P. aeruginosa. Only two,

CP-46,665 and TP-5, had any significant beneficial effect. This clearly

stresses the fa :t that agents should be screened for efficacy in clinically

appropriate animal models, even though they may have been shown to have anti-

infective oroperties in normal animals. In addition, we believe effective and

ineffective compounds can be useful as probes to identify more precisely the

sites of immunologic dysfunction that accompany burn injury.

At least three (not mutually exclusive) mechanism-n of action for the

active immunomodulators in this study may be envisioned. Fi-,, the

immunomodulator may directly repair an immunrioqic lesion produced by burn
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injury anu thereby restore that pathway to full functioning capacity. Second,

the compound may promote an alternative route (*detourO) arcund the lesion in

an imm nologic pathway and thereby restore function. Third, immunomodulators

may provoke compensatory activity of imnunologic pathways that are relatively

unaffected by burn injury.
I

In this regard, it is important to note that (as demonstrated in Tables 7

and 8) CP-46,665 Induced a partial restoration of an in vivo chemotactic

defect in the immune suppressed guinea pigs and eli(ited a significant PMN

infiltrate in the peritoneal cavity of mice. Therefore, it may be suggested

that the in vivo protective effect of this agent may be an enhancement of PMN

responsiveness at the site of infection in the compromised animal. Further

studies are obviously needed to substantiate thiE suggestion.

I

REFERENCES

1. Sevitt, S. (1979) A review of the complications of burns, their origin
and importance for illness and death. J. Trauma 19:358-369.

2. AleAander, J.W., Ogle, C.K., Stinnett, J.D., MacMllian, 8.J. (1978) A
sequential, prospective analysis of inmunologic abnormalities and
infection following severe thermal injury. Ann. Surg. 188:809-816.

3. Loose, L.D. and Turninsky, J. (1979) Macrophage dysfunction following
burn injury. Infection. Immun. 26:157-162.

4. Meakins, J.L., Pietsch, J.8. and Bubenlck, 0. (19771 Delayed . _

hypersensitivity: Indicator of acquired failure of host defenses in
seosis and trauma. Ann. Surq. IPC:241-250.

5. Constantian, M.B. (1978) Association of sepsis with an immunosuppressive
polypeptide in the serum of burn patients. Ann. Surg. 188-209-215.

I
6. Majeski, J.A., Stinnett, J.D. (1977) Chemoattractant properties of Cory-

nebacterium Darvum and pyran copolymer for human neutrophils and
monocytes. J. Nat. Cancer Inst. 58:781-783.

7. Stinnett, J.f., Morris, M.J., Alexander, J.W. (1979) Macrophaqe
activation and increased resistance to infection in immunosuopressed mice 4
treated with Corynebacterium parvum vaccine or pyran copolymer. J.
Reticuloendothe. Soc. 5 25-531.

8. Stinnett, J.D., Majeski, J.A. (1990) Macrophage activation and
mobilization in nude mice by Corynebacterium paryum in pyran: A
functional and histoloqic study. J. Surg. OncoT. 14:377-332.

228

4



9. Alexander, J.W., Dionigi, R., Stinnett, J.D. (1978) Detection of defects
in host defense mechanisms and their repair in the infection-prone
patient. In: Symposium on Infection in the Infection-prone Patient.
Burke, J.F., Hildick-Smith, G.Y., eds. Little, Brown and Co., Boston,
pp. 51-70.

10. Stinnett, J.D., Alexander, J.W., Morris, M.J. et al (1981) Improved
survival in severely burned animals using intravenous . parvum vaccine
post injury. Surgery 89:237-242.

11. Stinnett, J.D., Loose, L.D., Miskell, P.-, Tenney, C.L., Gonce, S.J. and
Alexander, J.W. (1983) Synthetic immunomdulators for prevention of fatal
infections in a burned guinea pig model. Annals of Surq. (in press).

12. Anderson, A.D., Reynolds, J.A. (1979) Adjuvant effects of the lipid amine
CP-20,961. J. Reticuloendothel. Soc. 26:667-680.

13. Krahenbuhl, J.L., Sharma, S.O., Ferraresi, R.W., Remington, J.S. (1981)
Effects of muramyl depeptide treatment on resistance to infection with
Toxoplasma gondii in mice. Infect. Immun. 31:716-722.

U
14. Verhaegen, H., DeCock, W., DeCree, J. (1981) Restoration of the impaired

lymphocyte stimulation in old people by thymopoietin pentapeptide. J.
Clin. Lab. Immunol. 6:103-105.

15. Syvoens, J., Rosenthal, :.. (1977) Levamisole in the modulation of the
immune response: The current experimental and clinical state. J.
Reticuloendothel. Soc. 21: 175-221. 6

16. Cohen. M.S., Zakhireh, B., Metcalf, J.A., Root, R.K. (1979) Gr3nulocyte
function during lithium therapy. Blood 53:913-915.

17. Oettgen, H.F., Pinsky, C.M., Delmonte, L. (1976) Treatment of cancer with
immunomodulators: Corynebacterium parvum and levamisole. Med. Clin. N.
Amer. 60:511-537.

18. Procter, J.W., Lewis, M.G., Mansell, P.W. (1976) Immunotherapy for
cancer: An overview. Can. J. Surgery 19:12-22.

I

DISCUSSION PERIOO WITH DR. LOOSE

PR. ULEVITCH: I was struck by the large ircrement of complement

activation that you showed. HAve you tried simply complement depletinQ the

rats before you put them through this trauma to see if mcrtalily shifts?

DP. LOOSE: Like cobra venom, or irrune complexes?

OP. ULEVITCH: Yes.
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DR. LOOSE: No, we have not.

DR. SANTOS: There is another form of trauma that can give you

increased antibody formation. This is with cytotoxic chemotherapy. Are you

aware of that?

DP. LOOSE: Yes, I am.

DR. SANTOS: You may be bypassing the T-helper cell by some of the

materials that are released. You have suggested that this was really a change ...

in population. Do you have any evidence for that?

Most of the evidence with the other observations of our own and other

people are that, in fact, we are byoassing the requirement for the T-cell

helper in antibody formation. This might be important.

Without lymphocyte transfers, what you did show was a serum

depressive action. Is it possible that with changed environment you have a

transient appearance of T suppressors? .

DR. I.OOSE: Based on a cell to cell comparison of peritoneal

macrophages taken from trauma animals we believe we have a changed population

of macrophages which are better processors. .

DR. McCABF: Your differences between killing, were 23 percent to 16

percent and 12 percent to 8 percent. Are these significant?

DR. LOOSE: They are statistically significant. The system that we

use is a microscopic assay developed to quantitate both phagocytic uptake as

well as the intracellular killing. This system has been optimized to give us a

measurable defect, in a minimal period of time.

We can expind a time frame and expand killinq, but that then raises

auestions of viability.

i
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DR. McCABE: It must take a tremendous number of observations to miake
a difference in the killing of 6 percent statistically significant, doesn't it?

PR. LOOSE: Yes.

41
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INTRODUCTION

After any radiation accident there exist' the difficulty of determining

the radiation dosage. Gorizontov2  used the alteration of the blood

coagulation as a means of biological dosimetry. He divided the hemorrhagic

symptoms into four stages. In grade I with 20 gray whole-body irradiation,

there was a marked prolongation of the clotting time with a thrombocytopenia.

In grade II with 35 gray, slight mucus-membrane bleeding was observed. In

grade II! with 50 gray, bleeding of the retina and an occasional general S

hemorrhagia exist. In grade IV with more than 60 gray, profuse and sometimes

fatal general bleeding occurs.

Radiation injuries might take place not only in the commercial situation

with the production and generation of nuclear energy but also after any

explosion of nuclear arms. In those instances, most radiation injuries will

be combined with burns, fractures, hematomas, or even simple skin wounds. We

have to face a new disease3,4 summarized by the term "combined injuries."

Furthermore, combined injuries may also be present as in the treatment of

cancer therapy with high doses of radiation. In these circumstances, the

disturbances of the coagulation system, potentiated by the radiation and

trauma, are of particular interest. In this context when we speak about

combined injuries, we are using the classical definition of Wintz (1923): "An

injury that occurs only after exposure of the radiated tissue to still another

trauma". 5  Radiobiological changes are therefore essential in the pathoqenesis

of combined injuries.

Boegelein et al. 1 described a marked hypercoagulability in the throm-

belastogram and a prolongation of the euqlobin lysis time in his experiments

with NMRI-mice receiving 3.0 to 3.5 gray whole-body irradiation and a small

open skin wound. In our animal experiments with rabbits, we analyzed the S

disturbances of the plasmatic coagulation system 2 and 24 hours after
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sublethal irradiation and the influence of an additional skin wound or

hematoma. This enabled us to distinguish between the effect of the hematoma 0

itself and the hematoma or the skin wound both combined with radiation

damages. The autologous hematoma served as a known model that leads to

morphological and functional alterations in the lung, like the respiratory

distress syndrome.6,7

.. Besides the plasma coagulation factors, undisturbed hemostasis is

dependent on thrombocytes and their normal functions. Dienstbier et al. 8- -j

observed a primary thrombocyte function disability after whole-body

irradiation, and Hohage et al. 9 described a reduced platelet aqregation with

collagen after whole-body irradiation of rats with 7.0 gray.

Platelet number is diminished by radiation, a further reduction of, the

thrombocyte adhesion and aggregation would increase significantly the risk of

acute bleeding. Correspondingly, we analyzed changes in thrombocyte functions

after sublethal radiation or surgical trauma alone and their ccminaticn as a

model of combined injuries.' ->

MATERIAL AND ETH0OS

Animals. Forty-five male and female rabbits (purchased from Yhomae,

Biberach a. d. R.), ages 3-4 months and a body weight of 2.3-3.1 kg, were

used. All animals were kept in single cages and provided with lab chow and

water ad libitum

Radiation. Under the X-ray machine (type M. G. 300, C. H. F., 4uller,

Hamburg), the animals were irradiated in a defined position at 60 cm with 250

kV and 123 mA in plastic cages without any anesthestic. The filter consisted

of 0.77 cm Cu, the self-filtration of the tubing was 6.0 mm Al, and the

thickness period of the radiation was 1.9 rm Cu with a dose rate of 0.47

gray/min,

Duri;og sham irradiation, the animals were placed in the same defined

position beyond the not-working X-ray tube for the same time. The dose rate

of the irradiation was measured continuously by a Duplex-dosimeter (Physik.-

techn. Werkstatten, Freiburg i. Br.) with a total dose of 5.0 gray.
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Anesthesia and Operation. During epontol anesthesia (propanldid 30 mg/kg

body weight i.v.) in all animals 2 hours after irradiation, a 0.8-m catheter

was placed through the external jugular vein into the inferior vena cava up to

the diaphragm to facilitate easy blood drainaqe. The animals were divided

into five groups (Tab. 1). Two hours following irradiation or sham

irradiation, 10 ml blood/kg body weight equivalent to 12.5% of the total

circulating blood volume was drawn. Each animal of group (H) and (R + H)

received blood immediately as an autologous hematoma periossal and

intramuscularly into the right thigh. In group (R + W), a skin patch 2.5 cm

in diameter was excised from the- left thigh, followed by skin closure with

four sutures and bandage under aseptic conditions. For all the animals the

epontol anesthesia was continued by several reinjections using a mean of 80

mg/kg body weight intravenously. The animals awoke 3-5 minutes after the last

injection. All of the coagulation analyses were done at 2 hours (except both

the hematoma groups) and 24 hours after sham or complete irradiation.

Plasma Coagulation. Percent hematocrit was determined using an Autocrit

centrifuge (Clay, Adams, USA), total protein content was measured

photometrically with the biuret method read from a standard curve in mg/lO0 ml

serum. The activated partial thromboplastin time (APTT) was measured in

seconds with ActinTM (activated cephaloplastin reagent, Mertz and Dade Co.) in

the coagulometer according to Schmitgen and Gross. Factor X was determined

after the method of Aurell et al. 10 with the chromogenic substrate S-2222 .

(Kabi Co., Munchen) and read from a standard curve in percent. Fibrinogen

levels were analyzed photometrically with test reagents of Boehringer Co.,

Mannheim, at 640 nm and multiplied with a conversion factor according to the

hematocrit. The inhibitory activity of the plasma coagulation cascade like

antithrombin III (AT-MII) and antiplasmin (AP) were measured photometrically

with the chromogenic substrates S-2238 and S-2251 (Kabi Co., Munchen) at 405

nm and read in percent from a standard curve.

Thrombelastogram (TEG). According to the method of Hartert et al.,11

0.25 ml blood was measured in cuvettes prewarmed at 370C. We analyzed the

reaction time in minutes from the starting point to the onset of the

oscillation of I mm, the clot-forming time k in minutes from the onset of the

oscillation to the point with an amplitude of 20 rvt,and the maximum amplitude

during 1 hours in mm.
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Thrombocyte Functions. Platelet number was determined in a Coulter

Counter (Toa Co., Japan). The platelet adhesion was measured according to 0

Morris et al. 12 by a standardized contact with glass-perls and their retention

expressed in percent. The thrombocyte aggregation was analyzed

nephelometrically according to Barn et al. 13  The thrombocytes were aggregated

in platelet-rich citrated plasina with collagen. 0

Statistics. In all groups, the means, standard deviations, and standard

errors were compared, and the siqnificances were calculated with the rank test

of Mann-Whitney modified by Wilcoxon1 4.

RESULTS

The hematocrit caused by the blood withdrawal decreased significantly in

all the groups at 24 hours after irradiation. As an overall test of the

plasma coagulation cascade, the activated partial thromboplastin time (APTT)

did not change at all in the control group (C) or after 2 hours in the

irradiation (R) and cormbined injury groups (R + W). Twenty-four hours after

irradiation with and without additional trauma, however, the APTT increased .

significantly compared with the 2-hour levels (R and R + W). Furthermore, in

all the irradiated groups (R, R + H and R + W) the APTT was elevated

significantly after 24 hours compared with the controls (Fig. 1).

Factor X and Fibrinogen increased dramatically in all radiated groups (R,

R + H, R + W) after 24 hours compared witr' the 2-hour, data. However, Factor X

also increased in the control group. The elevation of fibrinoqen levels in

the combined injury group (R + W) was significantly greater at 24 hours than

after irradiation or hematoma alone (Fig. 2). In contrast, there was no

change of the total protein content in all the groups (Fig. 3).

The antithrombin-III activity (AT-Ill) tested with chromogenic substrates

started from a very low level of about 80% at 2 hours. At 24 hours a slight

increase (R + W) and a significant increase (R, H, C) were observed in the

different groups. In contrast, the antiplasmin activity showed a significant

increase at 24 hours after irradiation whether with or without a trauma

compared with the 2-hour level or the control level (Fig. 4).
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activated partial thromboplastIn time (APTT)
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24 1 24 2" 24r 241;; 2 r 24;

after sham.-radiation after whole body radiation (5Gy)

Figure 1. Activated partial thromboplstin time after sham or whole-body

irradiation with and without additional trauma. *: a< 0.05; **: a< 0.01.

Fibrinogen

control hematoma radiation radiation radiation

n-1O n=10 n=l0 thematoma +skin wound
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0 L- L -2h  24 hrs  24r r s  2 r s 24irs 2 4 rs hrs 4

after sham-radiation after whole body radiation (5Gy)

Figure 2. Fibrinogen concentrations after sham or whole-body irradiation with
and without additional trauma. *: a< 0.05; **: cE< 0.01...
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Figure 3. Total protein content in the plasma after sham or whole-body
irradiation with and without additional trauma. :a< 0.05.
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after sham-radiation after whole body radiation (5Gy)

Figure 4. Antiplasma concentration after sham or whole-body irradiation with

and without additional trauma. *:a< 0.05; ** a< 0.01.
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In all the groups, the numbers of thrombocytes decrease sdmilarly to

about 150,000 mm3, due to the blood loss (Fig. 5). In the thrombelastogroi,

the reaction time r (dependent on the platelet count) decreased markedly at 2

hours after radiation (R and R + W) when compared with the controls (Fig. 6).

At 24 hours, however, the reaction time r was significantly prolonged in all

the radiated groups (R and R + H) and most prominently in the (R + W) group.

A similar pattern could be seen from the clot forming in all the radiated

groups, with a decrease at 2 hours and a progressive increase at 24 hours

time, k. No significant changes of the maximal amplitude could be recorded in

all the groups.

thrombocyte number

control hematoma radiation radiation radiation

n-1O n-10 n-10 * hematoma * skin wound
(x13f hn-lO n.10 .... _

300|

2000
1

100

ntSEM

2M 4 2r24r 246rs 2hr24Ts"

after sh-im-adlat.on after whole body radiation (5Gy)

Figure 5. Thrombocyte number after sham or whole-body irradiation with and
without additional trauma. **: a< 0.01.
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15

10
,5 11 .. .SE

2 r24 m 24 - 2; 24 24iY 2tr24 M .

after sham-radiation after whole body radiation (50'-) %

Figure 6. The •r-time of the thrombelastogram after sham or wnole-body
irradiation with and without additional trauma. *: a< 0.05; *: a< 0.01.

Observations concerning the thrombocyte adhesion measured by the S......

retention of glass-perls with the Morris test did not show any significant

changes comparing the 2-hour or 24-hour values with the control group (Fig.,

7). By contrast, the platelet aggregation analyzed with the method of Born et

al.1 3 increased significantly. At 24 hours, the irradiated groups (R) and

particularly both combined-injury gvoups (R + H and R + W) had a significantly

shorter lag ti.z until aggregation occurred (Fia. 8). Furthermore, the

aggregation time representing the reactivity of the thrombocytes decreased

significantly in the irradiated group (R) and most d.-anatically in the

combined-injury groups (R + H and R + W) (Fig. 9). At 2 hours, however, the

aggregation time in the Born test was slightly icreased in t'e radiated group

(R) and most prominently in the combined injury group (R + W).

2
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Morris test
Retention

control hematoma radiation radiation radiation
100 nlO n-JO n.1O +hematoma +skin wound

n=10 n=10
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2tSEM

2 h  24 hrS  24 r  2hrs  2411" 24 2hrs 24 r

after sham-radiation after whole body radiation (5Gy)

Figure 7. Platelet retention in the Morris test after sham' or whole-body
irradiation with and without additional trauma.

Born test
lag time

control hematoma radiation radiation radiation
n !O n-10 n 40 shematoma *skin wound

n=10 n40

501
0,

0 r 2 fn m 2 4 h" 2 4 h rM 2 r" 2 4 " r 2 4 1 r h 2 J r . .

after sham-adiation after whohle body radiation (5Gy)

Figure 8. Lag time measured in the Born test after sham or whole-body . .
irradiation with and without additional trauma. *: a< 0.05.
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;*e EM

2 24" 2 " 2 4  24"r  1

after sham-fdiation j after whole body radiation (SGy)

40

Figure 9. Thrombocyte aggregation time after sham or whole-body irradiation
with and without additional trauma. *: cs< 0.05; **: c< 0.01.

A similar pattern could be demonstrated from the total aggregation time •

(Fig. 10). There was a significant decrease in all irradiated groups (R, R +
H, R - W) at 24 hours after irradiation. At 2 hours after radiation, however,

a sl ight increase in the radiated group (R and R + W) was measured. The

maximal amplitude after addition of collagen in the Born test gave •

correspondinq results (Fig. 11): A significant decrease after 24 hours of

rafiation in all irradiated groups (R, R + H, R + W) and most dramatically in
te (R + W) group. A minimal decrease could be she.vn, however, in the animals

r.hallenged with only a hematome at 24 hours. Similar to the aggregation time -

at 2 hours after irradiation, a slight increase was observed only in the (R +
W) group.
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total aggregation time
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after sham-radleon after wW* body radiation (SGy) 0

Figure 10. Total aggregation time of platelets after sham or whole-body
irradiation with and Without additional trauma. *: a< 0.05.

40

Born teat
maximal amplitude

control hematoma raJetion radiation radiation
n-t n40 n4O + he atome +skin wound
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1001.
.. -4
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20 "s24Trs 24' 2 4 24" 2

after sham-radiation atter whole body radiation (M0y)

Figure 11. maximal amplitude measured in the Born test after sham or whole-
body irradiation with! and without additional trauma. *: a< 0.05; **: c< 0.01.

242



nis..-.i-. °

A prolonged bleedinq and clotting time is characteristic after whole-body

Irradiation. 15-18  In addition, dose-dependent thrombocytopenia damage to the

whole vessel wall or the vascular endothelium 18 -28 Is anticipated, as well as

disturbances of the plasma coagulation factors and the thrombocyte functions. 0

Intraooerative examinations of the plasma coagulation cascade after

surgical traumas showed an increased fibrinolysis, althotigh the procoagulatory

activities were increased.2 9-31  Postoperatively, both the fibrinolytic and

the procoagulant activities decreased, the latter somewhat slower according to

Kusin et al. 30 The diminishing of postoperative fibrinolysis is caused by a

decreased content of plasmincgen activators in trc. blood vessels, 31-33 an

increased plasminogen consumption, 31 and the traumatic stress. 34  In addition, -

Burkhardt et al. 35 noted an increased fibrinolytic activity and a decreased

fibrinogen concentration in their animal experiments after a traumatic shock.

Furthermore, the formation of clots led to thrombocytopenia.36-39  The

vasoactive and thromboplastic substances released from the platelets 38 ,40 ,

increase the permeability of the vessels, causing a hypercoagulation by

fibrinogen consumption and increased fibrinolytic activity. This metabolic

situation may lead to a disseminated intravascular coagulation syndrome (DIC-

syndrome) in close correlation to the severity of the traumatic shock.

The platelet function after trauma is controversial. Abrahamsen 41

described a shorter life span and an increased consumption of thrombocytes.

However, Emmons et al. 42 and Breslow et al. 43 observed an increase of

platelets after surgery as a result of an increased production of - 0

megakaryocytes. After prolonged operations, an increased platelet-clotting

activity has been reported, 36 ,37,39 ,44-52 with an increased aggregation and

aggregability of the thromnbocytes. 46,48 ,49,52 The adhesion of the platelets,

however, has been shown to be increased 44,47 as well as unchanqed.46  . 0

The hypoplastic thrombocytopenia after whole-hodv irradiation 53 and the

hemorrhagic diasthesis observed in patients exposed to nuclear falloutIR and

in animal studies 54-58 are very pronounced. In vitro the piatelets show an _

unexpected high radiation resistance. 59 ,60  According to Odell et al.,2 3,6!
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the mature megakarvocytes are very radioresistant whereas the megakaryoblasts 0

are extremely radiosensitive. This may explain why the platelet number is

increased immediately after radiation 5 17,62  because thrombocytes are

generated as long as megakaryocytes are present. 23  Schick et al. 63 measured,

as have others,64 ,65 the platelet number in mice after irradiation with 3.0 to

5.0 gray, and showed a slight increase immediately following the exposure, a

subseauent decrease from the 2nd to the 10th day, and a reaction period until

the 20th day after irradiation. Klir et al. 66 reported a decrease of the

platelet number and aggregation 3 days after irradiation, and Hohage et al. 9

made a similar observation 5 days after irradiation of rats with 7.0 gray.

This might be explained by a disturbed release of ADP from thrombocytes and an

increase of aged platelets, which have a reduced capacity to aggregate.

Correspondingly, sublethal exposure to y-irradiation decreased adhesion and

aggregation of thrombocytes. 9,2 3,67,68  In contrast, Bicher et al. 19  0

demonstrated an increased adhesion and aggregation of platelets 5 weeks

following fractionated y-irradiation in dogs with 4.5 gray.

In our experiments the clot formation measured by the r-time in the . 0

thrombelastogram (TEG) was delayed, especially in animals exposed to

irradiation and an additional trauma. This correlated well with the increased

APTT time. The clot hardening expressed by the k-time in the TEG did not show

any significant changes in all groups. The trigger mechanisfn of the platelet 0

aggregation was accelerated by irradiation or trauma alone, and was

significantly increased by combined injuries. The thrombocytes must have been

in a state of irritation by the different injuries, leading to a latent

activation with rapid release of adenosindiphosphate (ADP), but in a reduced

quantity as documented by a decline of the maximal amplitude in the Born test.

Similar results have been reported in patients with trauma alone. 69  The lag

time until aggregation occurs, the aggregation time, and thus the total

aggregation time were all increased after trauma or irradiation. Furthermore,

there was a significant increase in the experimental groups with combined

injuries. The maximal amplitude, however, was already significantly reduced

by trauma or irradiation alone. Very str;king was the additional reduction of

the maximal amplitude in the 3orn test after combined injuries, which might be

caused by a diminished available ADP release. In summary, we were able to

demonstrate an accelerated but insufficient platelet aggregation which was
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very distinct after a combined injury. An exact localization of the

thrombocytic defect was not possible with the global platelet function tests

used in our experiments. Nevertheless, we are able to assume a storage pool

deficiency with an accelerated ADP release from the damaged thrombocytes.

S'-y

A prolongation of the activated partial thromboplastin time was found

after radiation alone, although the fibrinogen concentration, the substrate of

the coagulation cascade, was increased as well I This might be explained by 0

structural alterations within the fibrinogen molecule after radiation exposure

and combined Injuries. By analyzing the thrombocyte aqgregation in the Born

test\ Uwe were able to demonstrate a significant decrease in the lag time 24

hours after irradiation, showing the activation of platelets that may lead to .

a DIC syndrome. In addition, the aggregation time reflecting the speed of the

platelet aggregation is decreased after 2 hours, but significantly increased

after 24 hours following combined injuries.,k
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DISCUSSION PERIOD WITH DR. WUSTROW

DR. DeSARDI: When you refer to antiplasmin, are you referring to

alpha-? P1, alpha-i P1, or alpha-2 macroglobul in?

DR. WUSTROW: Alpha-? macroglobulins. Actually you measure with

antiplasmin all the compounds that are inactivatina the plasmins.

DR. MUPANiO: With res pect to hemostatic changes, I think it is

important to reiterate the fac-. that we must pay attention to which animal- /
species we are studying si nce most reagents were designed to work with human

plasmas including new synthetic low molecular weight substrates.

As far as the changes in the activated partial thromboplastin time ,

I don't believe that you observed anything different than what we saw in the
dog. There was a slight prolongation, hut not a sionificant one.
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Your APTT were in the 15-20 second area. In our doo system our

reagents were diluted to a point where we were generating 25-30 second.

clotting times, analogous to values obtained with human plasma.

It is not surprising that you do not see a :iange in

antithrombin-III. I am presently involved in some collaborative wot-i with Dr.

Muller Berghaus at Max Planck in Giessen. He has substantial experience with

the Shwartzman model in the rabbit. We have observed that in a series of about

25 animals infected with endotoxin all responded classically exhibiting the

Shwartzman reaction, consumption coagulopathy, massive renal necrosis and

death, yet the antithrombin-III in these animals did not change. This is very

unusual. It certainly doesn't correspond to the human situation and it

obviously doesn't correspond to the dog.

One other observation on fibrinogen. You had mentioned earlier that

perhaps we should have looked at fibrinogen levels in the dog at two hours. My

zero time sample was taken immediately post-intervention, within a period of

one to two hours. As far as your analysis of the alpha-2 antiplasmin, it is

interesting that you did see a reduction in the alpha-2 antiplasmin. That

would probably imply that the fibrinolytic system is substantially activated,

probably to the extent that you are creating split products of fibrinogen

and/or of fibrin, to the point that you might actually be coating the platelet

surface, thereby resulting in the platelet dysfunction that you have

documented.

DR. WUSTROW: So many- questions at the same time. Thank you so

much.

I think it is very important to compare these two studies. First of

all , you pointed out the species differences. I am very well aware of that.

You werked with the dog, which has a very low L050, whereas we worked with _

rats, which have a very high L050. This is very important to bear in mind. In

addition to that, you had given 1.5 gray to the animal, whereas we gave a much

higher dosage, about 5 gray. This is also important if one is to compare the

studies.

I agree totally with you with regard to the AT-Ill studies. We have

not analyzed the split products. We intend to look at those.

What I wanted to stress in my talk is that beside the irmuno-

logical changes, we have evidence that a type of shock phenomenon is present

in combined injury animals. We have started to look at the lung functions in
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those animals, looking at the effect on activity and have found significant

changes in those animals challenged with combined injury.
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trauma. Although some of the proteins involved in the acute-phase .

response have specific functions that are clearly associated with control

of inflammatory processes (e.g., inhibition of proteases by antitrypsin),

the functions of others are obscure, and some of the proteins, probably

have multiple biological effects.

Changes in individual acute-phase proteins Aftcr various types of
injuries t-ve not been extensively studied in experimental animals.

Haptoglobin increases 3n serum within 24 hrs after *'-.le- or partial-body _-____ .

irra-Jtation of rats. Induction of local infla.. mation by turpentine

injection appears to result i n the greatest increase in rats of acute-
phase proteins (such as haptoglobin). compared with changes occurring

after whole-body irradiation, hurns, intravenous endotoxin injection, and

infection.4 Very little work .as been done on the effect of combined
injury on acute-phase protein levels. Simultaneous irradiation and

injection of turpentine resulted in a decrease in the maximum value of

acute-phase proteins studied, compared with the increase observed after

turpentine injection alone.5 Investigat ins of mouse serum proteins by
electrophoresis after whoa-body irradiation combined with open skin

wounds indicated much more pronounced changes aft-r the combined injury

than after skin wounding or irradiation alone.6

During the last decade, researchers have triel to predict the clinical

course of various diseases from the initial l,.val or fluctuation in the
levels of several of the acute-ohase prote"ns. Progress in clinical
applications of the observations has heen pligued by a random approach to

the investigations, with (a) study of changes in protein levels in almost
all common diseases, bit inadequate study of each disease, and (b) a,,

equally diffuse investigation of multiple int.vi~ual protei.is, with
minimal study of each protein. Of perhaps more significancethan the

possible utility of acute-phase protein changes is bioche.Ical markers of
various types of disease and injury is the functional significance of

their altered levels, with the added possibility that alteraticns in one
type of injury m.y prove beneficial, but may be an inaopropriate respc,|se
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I

INiROOUCTION

The concept of acute-phase proteins began with the study of altera-

tions in the serum concentration of certain proteins, especially

C-reactive protein, that were observed during acute inflammation.

Continued study of the acute-phase response revealed that (a) serum levels 4
of certain proteins also increase during diverse acute and chronic a
conditions, and (b) although most proteins increase during disease or

trauma, the concentrations of several proteins often decrease during the

same interval, thus defining positive and negative acute-phase

proteins. 1'2  Acute-phase proteins (or reactants) can be considered, in

general, as liver-synthesized blood proteins that change in response to

trauma, with tue most typical changes beiny an early increase in

C-reactive prote in and later changes in al-acid glycoprotein,

a l-antitrypsin, ceruloplasmin, fibrinogen, and haptoqlobin. Conditions .

leading to changes in acute-phase proteins, as determined in clinical and

experimental studies, include local inflammation, thermal injury,

mechanical injury, radiation injury, major surgery, bacterial infection,
2

endotoxin injection, and neoplastic growth. The response pattern of

individual acute-phase proteins in response to various forms of disease,

and trauma may differ quantitatively as well as in time course of

appearance and disappearance of these prcteins. However, changes in many

of the proteins occur simultaneously in various types of trauma, and I

specific changes do not appear to be associated with a particular type of
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in another type of injury. Nevertheless, concepts of acute-phase protein

changes derived from studies limited to one disease or injury should be

applicable to other types of trauma.

ACUTE-PHASE PROTEIN CHANGES IN CANCER AND CORRELATIONS WITH PARMETERS OF -

CELLULAR IMMUNITY

Earlier clinical studies suggested the potential usefulness of altera-

tions in the levels of acute-phase proteins, but it appeared that. the

essential correlations with the proteins that were needed 'to explore S

clinical usefulness were host immune status, disease extent, and clinical

course. Of the diseases evaluated, malignancy presented the most optimal

setting for such correlations because of (a) a relatively protracted

course of many patients, allowing the study of each subject at multiple S

intervals, and (b) the absence of clinical inflammation in many, patients,

minimizing the contribution of this variable to the serum protein levels

observed in the studies. These considerations defined the populations
7that we selected for the first study: patients with solid malignancies

classified as local, regional, or systemic in clinical extent, and

patients clinically cured after surgical treatment of the same types of

malignancies. Control populations were grouped by age and smoking habits,

because of the possible influence of these variables on protein levels.8

None of the patients had inflammatory processes or other active non-

cancerous diseases. The serum levels of 18 proteins were determined by

radial immunodiffusion, and peripheral blood lymphocyte in vitro

reactivity (LR) to phytohemagglutinin (PmA) was determined by quantifyinq

tritiated thymidine incorporation. The results of this study7 confirmed

previous observations 9 of increased levels of the acute-phase proteins,

cLc-acid glycoprotein, cL -antitrypsin, and haptoglobin (and to a lesser

extent, other acute-phase proteins) in tumor-bearinq patients, compared

with normal controls and patients clinically cured of cancer. The levels .

of these three acute-phase proteins appear to be quantitatively the most

important changes in serum glycoproteins in cancer. Their levels

increased progressively with extent of tumor, and correlated inversely

with LR to PHA. Also confirmed was the previous observation of an inverse
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relationship between a2HS-glycoprotein and presence of tumor. 9  Serum -

levels of a 2HS-glycoprotein correlated with LR to PHA in the patient

groups.

The unique relationship demonstrated between disease extent, cellular

immunity, and levels of the proteins was the rationale for the subsequent 6

studies. For these, we selected the six acute-phase proteins that showed

the highest positive or negative correlations with tumor extent and immune

reactivity (positive: a1-acid glycoprotein, a1-antitrypsin, and hapto-

globin; negative: a2HS-glycoprotein, prealbumin, and albumin). . S

To confirm the relation between cellular immunity and serum levels of

acute-phase proteins demonstrated in the first study, the serum levels of

the six proteins were measured in patients with solid malignancies who had

determination of LR to PHA as well as in vivo quantitative delayed hyper-

sensitivity (DH) to dinitrochlorobenzene (DNCB). 0 The patients had local

or regional tumors only, they were not evaluated if they had signs of

systemic illness such as fever or elevated white blood cell count. A con-.

trol population consisted of healthy volunteers. Among 147 patients

studied, the mean levels of the positive acute-phase proteins were signi-

ficantly higher than in controls, whereas the negative acute-phase pro-

teins were significantly lower except for albumin, which did not differ in

the patient and control populations. The serum levels of haptoglobin and

al-acid glycoprotein correlated inversely, and u2HS-glycoprotein cor-

related directly with LR to PHA (Figure 1).
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To determine the relation between levels of the serum proteins and DH -

to DNC8, we used the method of quantitating skin test reactivity to DNCB 0

previously described.11  The primary immune response was scored as 4+, 3+,.

2+, or 0. A 4+ and 3+ were for normal reaction, and 2+ or lesser
reactions were for subnormal responses. Among the cancer patient popula-

tion, the serum levels of haptoglobin and a1 -acid glycoprotein were

significantly higher in patients with abnormal (2+, 0) skin test responses

to DNCB than in patients with 3+ and 4+ responses (Figure 2); the levels
of c2-HS-glycoprotein and prealbumin were lower in' patients with subnormal

responses than in patients with normal responses to DNCB. Uniquely, the

serum levels of a2HS-glycoprotein, when grouped by D to DNCB, showed

progressive increases for each increase in skin test reactivity.

Comparison of the levels of a 2HS-glycoprotein and LR to PHA grouped by DH

to DNCB showed similar incremental increases in the mean levels of

L2HS-glycoprotein and LR to PHA.
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Figure 2. M-ledian serum levels of acute-phase proteins in 147 patients
with solid malignancies and in normal controls, with data grouped by •
delayed hypersensitivity to DNCB
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IMJNOLOGICAL PROPERTIES OF ACUTE-MASE PROTEINS

The correlations of serum levels of some acute-phase proteins with

immune status emphasize the importance of evaluation of systemic immunity,

compared to cellular immune parameters, for gaining insight into

clinically relevant aspects of host-disease relationships. Systemic

immunity refers to the dynamic and complex interaction between all

cellular and humoral factors that summate to constitute the host-disease

status at any given time. This view is supported, by accumulating experi-

mental evidence on the role of acute-phase proteins in immunomodulation.12A13
Lymphocyte reactivity to PHA and the mixed-lymphocyte response 1 3 are

depressed by pure preparations of the major positive acute-phase proteins.

cX1-Acid glycoprotein suppresses E-rosette formation14 and bacterial phago-

cytosis by neutrophils,15 and has a chemotactic effect on human monocytes

(unpublished observations). Both in vivo and in vitro immune responses of

mouse spleen cells to sheep RBC were found to be suppressed by

a 1- antitrypsin,16 and considerable evidence exists that, at the cellular

level, antitrypsin is involved in lymphocyte function. Other immuno-

suppressive factors apparently exist in serum; these are often associated

with a-globulin fractions,17 but it is unclear how they relate to the

acute-phase response. Apffel and Peters 18 have postulated that the

increased levels of liver-produced sialoglycoproteins are nonspecifically

immunosuppressive, perhaps binding to and protecting bystander cells

during inflammatory processes. Current evidence then suggests that the

increase in acute-phase proteins that are quantitatively of major

importance in various types of trauma might in some way lead to immuno-

suppression. Because of some of this evidence, plasmapheresis has been

tested as a treatment modality in cancer patients to remove increased

levels of circulating acute-phase proteins. However, after one plasma

exchange, acute-phase protein levels can return to pretreatment levels

within a short time. 19

Some of the proteins depressed in various types of disease and

injury (a2HS-glycoprotein, prealbumin) may have predominantly immuno-

restorative properties. Prealbumin has thymus hormone-like properties. 20
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azHS-glycoproteln promotes bacterial phagocytosis by neutrophils

(opsonization). 21 This property of a2HS-glycoprotein and an opposite

effect of al-acid glycoprotein suggested to van Oss et al. 1'2 that one
of the reasons for increased infections in trauma patients was a depressed

level of cx2HS-Slycoprotein and increased levels of al-acid glycoprotein, --

despite normal inmunoglobulin levels. cz2HS-glycoprotein was also found to

enhance the ability of mouse macrophages to take up latex particles and

radiolabeled DN. This ability to partake in the clearance of foreign
material and debris may be similar to some properties of fibronectin,
another protein important in trauma.

EFFECT OF RADIATION THERAPY AND SURGERY ON ACUTE-PH4ASE PROTEINS AND IHJNE
PAMETERS

The effect of radiotherapy on serum protein levels was investio~ted by

considering patients'being treated for localized head ar: r-ck tumors. In

this study, al-acid glycoprotein and haptoglobin level.3 increased in

the nontreated group, whereas caHS-glycoprotein was depressed. The0

changes were not significantly different fror.; th% norn'l control group
(Figure 3). 7-cell levels and lymphocyte reactivity to 0HA were

LOCALIZED TUMORS, NO RT (13)

150 CURRENT AND RECENT RT > 2000 R

[POST NT >2000 R, NED (7)

Z *SIG. 01FF. COMPARED TO NORMAL

50

0 1 -ACID HAPTOGLOSIN ~2~ T-CELLS LYMPHOCYTE
GLYCOPROTEIN GLYCOPROTEIN REACTIVITY TOPHA

Figure 3. Effect of radiotherapy on serum glycoproteins and T-cells in
oati~nts with localized head and neck cancer
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significantly depressed compared to normal. Current radiotherapy to the ......

tumor site resulted in further increases in the positive acute-phase pro-

teins, while c2HS-glycoprotein, T-cell levels, and lymphocyte reactivity

were further depressed. In patients with no evidence of disease after

radiation therapy, the serum protein levels tended to normalize, but the

T-cell levels and lymphocyte reactivity did not. Levels of al-acid glyco- 0

protein were correlated on radiation dose received by the patients during

radiotherapy., A significant positive correlation between protein levels

and radiation dose received was observed (Figure 4). On the other hand,

levels of a2HS-glycoprotein and T-cells were depressed with increasing

radiation dose (Figure 4). Correlations with radiation dose

T-CIELLS (1-
3 )

600 1200 1600 2400
4100 4000 - I I I - -. .

-, HS.GtYCOPIOTEIN AND T-CELL LEVLS

CORRELATI SIGNIFICANTLY IN THIS GROUP
(p <0.01)

3000 3000

OS4

2000 2000

-- ,S "2>
1000 

fO~wr~1

0 ,
50 s0 110 140 70 O_ 40 60 s0 100 120

I1'ACIO GLYCOPROTEIN ({g/dl) NS.GtYCOPVOT8M (Mq/4I)

Figure 4. Correlation of levels of c1-acid glycoprotein (left), c2HS-
glycoprotein, and T-cells (right) on radiation dose in patients during
radiotherapy for localized head and neck cancer

were not significant, but levels of a2HS-glycoprotein and T-cell levels

correlated significantly in these patients. Serum protein levels

eventually reflect both chances due to tumor eradication and opposite

changes due to radiation injury of various tissues. Changes in immunocyte -

levels and function, however, may persist for weeks or months, even in

cancer patients who benefit clinically from this treatment. The results

may be explained by a direct effect of the irradiation on lymphocytes

coursing through blood and lymphatic vessels encompassed by the radiation
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portal, and by radiation destruction of the lymphocyte precursors in the

marrow included in the radiation portal. Since the direct effect of

radiation therapy on lymphocytes and other imunocytes may produce a long-

lasting cellular immune deficiency in cancer patients cured by the

therapy, cellular immunity may not correlate with the clinical course of

cancer patients during successful radiation therapy. Relevant here is our

finding that serum levels of acute-phase proteins may not parallel

lymphocyte and T-cell levels during radiation therapy. In studies of

cancer patient populations that benefit from radiation therapy,

a2HS-glycoprotein levels usually increased during tumoricidal radiation , .6
23therapy , and levels of a1-acid glycoprotein and haptoglobin decreased.

Surgical trauma has been shown to result in changes in many acute-

phase proteins. 24 Within 6-8 hrs, C-reactive protein increased, followed .

by a,1-acid glycoprotein, and at 1 day, haptoglobin, antitrypsin, and other

proteins increased' while prealbumin and albumin were depressed. The peak

period of the changes in specific proteins appeared to differ. In our.

study25 of patients with brain tumors undergoing surgical treatment,

significant increases were seen in a,-acid 'glycoprotein and haptoglobin

and a depression in a 2HS-glycoprotein before treatment, compared to

normal. After surgery, levels of haptoglobin and al-acid glycoprotein

increased to twice normal levels, and the increase persisted 2-8 weeks

after surgery. Levels of a 2HS-glycoprotein and T-cells were further

depressed I week after surgery, but tended to normalize at later times

studied. These findings may have impli:ations for the immunosuppressive

effects of surgical trauma.

EVALUATION uf ACUTE-PHASE PROTEINS IN IMMUNOTHERAPY

The clinical course of cancer patients after effective treatment

(e.g., interval to relapse or death) has been correlated with the results

of assays of cellular immunity obtained before treatment. The correla-

tions of a 2HS-glycoprotein with LR to PHA and DH to DNrB prompted us to

investigate the relationship of serum levels of this glycoprotein with
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survival after treatment for cancer. For this assessment, we used a

controlled trial in small cell carcinoma of the lung. In this clinical .
study, patients were randomized into two groups; both received the same

combination chemotherapy regimen, and one also received thymosin
fraction 5. The goal of this experiment was to evaluate the effects of "_______

thymosin on patient survival, with the premise that the agent would
improve survival by ameliorating the suppression of immunity due to .!'-.

tumor and the chemotherapeutic drugs. In previous studies, the beneficial
effects of thymosin on immunity appeared to be confined to hosts with
impaired cellular immunity. Therefore, in this study, the populations , •
were divided into groups with relatively high and relatively low cellular

immunity, using T-cell level as a measure of cellular immunity and the
median T-cell level as the point of division of each population into high

and low groups.

Among patients with high total T-cells cr a 2HS-glycoprotein levels,
survival was similar among patients who received chemotherapy alone and
those who also received thymosin. However, among patients with low total

T-cells or a2HS-glycoprotein levels, the survival of patients who received
thymosin was significantly longer than those who received chemotherapy

alone (Figure 5). Analysis by tests of interaction shows that survival
correlated with low serum a2HS-glycoprotein levels (p = .046) but showed

only a trend for a similar association with T-cell levels (p = .17). The
results of this study 26 provided the first correlation of serum levels of

an acute-phase protein and prognosis after treatment of clinical disease.
Tt also gave important comparisons between the results of an assay of
cellular immunity and serum levels of the protein, when both were used as - - .
an indicator of survival. In view of the correlation of serum
E2HS-glycoprotein levels and assays of cellular immunity, it was plausible

that the pretreatment levels of c12HS-glycoprotein correlated with prog-

nosis after immunotherapy. The greater association of serum levels of
L 2HS-glycoprotein with prognosis compared with total T-cell levels raises

the speculatior that, at least under certain conditions, serum acute-phase
proteins may have or reflect biological functions that are as critical in

determining clinical course as cellular immune functions.
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Figure 5. Life table analysis of survival of patients with low pretreat-
ment levels of total T-cell (left) or a2HSglycoprotein (right), whoreceived chemotherapy alone or chemotherapy and thymosin fraction 5

The clinical evaluation of agents that alter ireune reactivity would

be facilitated by assays of systemic immunity that indicate a favorable
effect before the manifestation of clinical efficacy by the agents.Dring the evaluation oof the thymic peptide patients

with incurable malignant gliomas were chosen for the first clinical
assessment of the agent. Preliminary assessment of a group of patients
with gliomas showed a correlation of c 2HS-glycoprotein with peripheral
blood T-cell levels.25 The peptide was administered in three dose levels
(300, 600, and 900 micrograms/rn) to two, five, and three patients,

respectively, who had incurable gliomas treated with surgery andpalliative radiation therapy. Four additional patients received thymosinfraction 5 at 60 mg/rn2 . The agents were administered twice weekly for 4
weeks. Assays of cellular immunity and quantitation of serum acute-phaseprotein levels were performed twice weekly for 2 weeks before administra-tion of the agents, during the 4-week interval of administration of the
agents, and for 4 weeks after. T-cell levels increased during the 2nd to4th week of agent administration, and then either remained constant ordeclined toward baseline levels (Figure 6). By contrast, the levels ofre2HS-cglycoprotein (Figure 6) and prealbumin increased during adminis-tration of the agents and continued to rise during the subsequent 4-week
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interval. These results demonstrate the usefulness of serum factors in ____

assessing experimental agents whose clinical effects may be associated

with changes in immune reactivity.
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Figure 6. Median total T-cell (left) or cL2HS-glycoprotein (right),levels
in patients with malignant glionias who received thymosin fraction 5 or a-1__
for 4 weeks

The effect of various irmunotherapeutic agents, per se, on serum

acute-phase proteins needs to be studied in detail since available studies_

indicate that this class of drugs may affect serum protein levels. For

example, lenttinan, a glucan derivative, results in increased positive

acute-phase proteins and increased c 2 HS-glycoprotein. 
27

S"ARY AND~ CONCLUSIONS

.Studies on acute-phase protein changes in various types of trauma have

-4ee4*-reviewed *-.e.e and the possible immEunological impli cations of these

changes e-y n discussed. The studies from our laboratories described

correlations of the serum levels of certain acute-ohase proteins with-
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several clinically relevant aspects of the host-disease relationship in

cancer. Specifically, the proteins correlated with (a) primary delayed 0

cutaneous hypersensitivity to DNCB, (b) in vitro lymphocyte reactivity to

PHA and total T-cell levels, (c) tumor clinical stage and patient course

after treatment, and (d) efficacy of experimental therapy regimens, in

comparison with other indices of efficacy such as T-cell levels or patient

survival. . Since the correlations made with the proteins selected for the

studies may not be obtained with other acute-phase proteins, it appeared

appropriate and helpful to select a term (Immune-Reactive Proteins) to

denote these and other proteins found to show similar properties in future

investigations. It appears that the correlations emphasize the importance

of evaluations of systemic immunity, compared to cellular immune param-

eters, for gaining insight into clinically relevant aspects of host-

disease relationships. \This view 'is supported by experimental evidence.

Future studies should atermine the most appropriate cellular and cir-

culating factors that wil define the extent of disease or injury, immuno-

logical status, and effects of treatment for various types of trauma,

including combined injury.

The results of these studies appear to have broader implications for

investigations into the interactions between host and disease than

attempted thus far. The -xploration of mechanisms that give rise to the

correlations are essential for a comprehension of the underlying biologic- -- -

processes. For example, the recently described evidence for tumor and
28,29

white blood cell production of immunosuppressive glycoproteins may

require modification of the existing concepts concerning the function of

these proteins, which are based on exclusive hepatic production of the . .

proteins. The direct alteration of immunocyte-antigen interactions by the

proteins has obvious potential for expanding the comprehension of the

methods by which the proteins modify the course of disease. Another prop-

erty of the proteins, the binding and transport of a variety of drugs, has

been described. 30 Investigation of this property may have direct clinical

applications in various forms of trauma, and may partially explain the
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observed effects of chemotherapeutic agents. The direct effects of drugs,

especially inumunoiodulators, on the synthesib of acute-phase proteins need
to be studied in relation to the activity of the drugs.

The relation between the extent of tumor or clinical stage and invwiene

reactivity as quantitated by acute-phase protain levels suggests that
itmmune staging of diseases may provide more precise correlatiors with end
results than is obtained with current staging schema. Thus, although few
in number and preliminary in nature, the observations give certain

acute-phase proteins a central. role in determining the aggressiveness of

disease, the integrity of host defense capabilitie~z, and the impact or
treatment on both disease and host.

Studies involving human oatients at the University of Maryland and the National - -

Institutes of Health were performed in conformity with the "recommendations --

guiding doctors in clinical research" as stAted in the Declaration of Helsinki of thp
world Health Medical Association (1984).
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USE OF BLOOD COPOIENTS IN THE MANAGE4ENT OF TRAUAM

C. ROBERT VALERI
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615 Albany Street, Boston, Massachusetts 02118, USA

INTROOUCTION

Approximately 11 million units of blood and 2 million liters of plasma . 0

are collected each year in this country. Of 100 million potential donors,

only about 3 million actually donate on a regular basis, and despite attempts

to procure more donors, periodic serious blood shortages have persisted. Now,

after more than 20 years of extensive evaluation of cryopreservation methods,

blood banks are making use of frozen blood components to provide quality

transfusion therapy when liquid blood is not avail-able and when rare blood

types are required.

When whole blood is stored at 40C in the acid-citrate-dextrose (ACD) or

citrate-phosphate-dextrose (CPD) anticoagulant for 21 days, or in a CPD anti-

coagulant supplemented with adenine and additional glucose (CPDA-1) for 35

days (Figure 1), the red blood cell component has satisfactory posttransfusion

survival but not satisfactory function.1  The red cell 2,3 DPG level increases

during the first 48 hours of storage, but after this time decreases at an

accelerated rate (Figure 2).

Blood transfusions are given to (a) restore blood volume, (b) improve

oxygen transport to tissue, (c) correct bleeding disorders related to platelet

deficiency or platelet abnormalities, (d) correct bleeding disorders related

to deficiency of protein clotting factors, and (e) treat specific clinical

problems with gamma globulin and hyperimune serum. It makes sense then to

isolate and preserve the red cells, platelet concentrates, cryoprecipitate,

fresh frozen plasma, and plasma for fractionation into albumin, plasma protein

fraction, gamma globulin, and coagulation protein concentrates, and to

subsequently transfuse only the specific components that are needed. A
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Figure 1. Twenty-four-hour posttransfusion survival and function values of
red cells after storage in acid-citrate-dextrose (ACD) or citrate-phosphate-
dextrose (CPD) anticoagulant for as long as 21 days and in CPD plus 0.25 n*1
adenine for as long as 35 days. Red cells were stored at 40.C in ACD, CPO, and
CPD-adenine anticoagulants as whole blood or as red cell concentrates, with
hematocrit values of 70 V%. (From Valeri et al., Crit. Care Med., 7:440, 1979,
The Williams & Wilkins Co., Baltimore, MD, with permission.
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Figure 2. The 2,3 nPr l.els in red blood cells stored in CPD as whole blood
with a hematocrit va'ue of 45 V or as a red cell concentrate with a
hematocrit value of 70 to 80 V" or of greater than 90 V'. Peither the whole
blood nor the red cell concentrate wes mixed during liquid storaae at 40C.
(From Valeri, C.R., Surgical Pounds 4:41, 19F1, with permission.)
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plastic multiple-bag collection system allows the preparation of the various

blood components--red cells, platelets, and plasma--in a closed environment

without risk of contamination (Figure 3).
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Figure 3. An approach to collecting 450 ml of blood, separating it into
cellular components and plasma protein derivatives. The red cell and platelet
concentrates and plasma protein derivatives are isolated from blood within 4 • _

hours of collection and storage at room temperature (220C ± 20C) and, are
preserved by the most appropriate method. (From Valeri, C.R., Blood Banking
and the Use of Frozen Blood Products, CRC Press, Boca Raton, FL, 1976, 3, with
permission.)
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Figure 4. Scheme of how cells can be isolated from peripheral blood using
the mechanical cell-separating systems to obtain platelets, phagocytic cells
(granulocytes-monocytes), lymphocytes, and stem cells. (From Valeri, C.R.,
Crit. Pev. Clin. Lab. Sci. 14:23, 1981, with permission.)
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The number of white blood cells and platelets isolated from one unit of

blood is too small to be therapeutically effective, so it has been necessary

to pool platelets and white blood cells from several units of blood, and this

introduces the potential for infection and sensitization. However, with the

newly improved methods of plasmapheresis, plateletpheresis, and leukapheresis,

which are well tolerated by healthy donors, it is now possible to harvest only

the specific component or components needed and return the residue to the

donor (Figure 4). It is also possible now to isolate totipotential
2-10

hematopoietic mononuclear stem cells from human peripheral blood... ..

INDICATIONS FOR BLOOD TRANSFUSION

Blood transfusions are given primarily to restore blood volume and to

improve oxygen transport to tissues, and the donor red cells must have

adequate circulation property in order to increase the oxygen-carrying

capacity.

Stored whole blood has been used extensively to treat hypovolemia

associated with hemorrhagic shock and to prevent this condition from occurring

during surgery associated with blood loss. As blood is stored- at 4°C, the

viability and function of platelets and granulocytes ar.d of the labile plasma

protein clotting factors deteriorate, and microaqgregates form. The albumin,

gamma globulin, and fibrinogen remain stable at 4°C for up to 21 days.1  Red .

cell concentrates are now being used in place of whole blood to treat

hemorrhagic shock because they have comparable posttransfusion survivol values

and better oxygen transport function (Figure 2). Liquid-stored red cell

concentrates with hematocrit values of about 75 V% contain only one third as .

much fibrinogen, gamma globulin, and albumin, and less citrate and

extracellular potassium ion than liquid-stored whole blood. Washed

previously, frozen red cell concentrates have been used in combination with

crystalloid and colloid plasma volume expanders in the treatment of

hemorrhagic shock, with satisfactory results.

272



Moderate to severe hemorrhagic shock produces a decrease in perfusion of

organs which, in turn, leads to acidosis and tissue hypoxia. Usually,

treatment consists of infusions of (a) crystalloid and colloid to restore the

plasma volume and the interstitial volume and (b) red cells to restore the red
1?-26cell volume and the oxygen delivery capacity of the blood. Platelets and

coagulation factors also may be required later.

The physical condition of the recipient will largely determine which "

blood products will be administered and in what quantity. The nature and

extent of the primary illness or injury, the amount of blood and fluid losses,

the patient's age and previous state of health, the number and extent of

associated medical conditions, the time delay in instituting therapy, and the

course of immediate therapy must all be considered.

Whole blood, either fresh or liquid-preserved, often is used to

resuscitate moderate-to-severe hemorrhagic shock. 27'28  Actually, it is the

red cell component of the blood and not the plasma that is needed during

moderate-to-severe hemorrhagic shock, and red cells used in combination with

crystalloid solutions have been shown to be as effective as whole blood. 29 3 1

The red cells do not have an oncotic effect in vitro; however, they do produce .

an in vivo increase in plasma volume (apparently by the mobilization of

interstitial albumin). They produce an immediate increase in red blood cell

volume, followed by a prompt and satisfactory increase in plasma volume.31  It

is important that the transfused red cells have satisfactory oxygen transport

function, i.e., normal or increased 2,3 DPG levels at the time of transfusion, .

so that an ample supply of oxygen will be delivered to tissues.

PHYSIOLOGIC IIPMRTANCE OF OXYGEN TRANSPORT FUNCTION OF PRESERVED RED CELLS

It has been more than 25 years, since the impairment of oxygen transport
32 .

function in liquid-stored red cells was first described, and almost 15 years
since this respiratory defect was linked to the deterioration of red cell 2,3

DPG during storage. 33 34  Because this impairment usually is corrected in vivo
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within 24 hours after transfusion, and because it does not critically affect • •

many patients, it has gone unnoticed by many physicians.' 35  However, this

phenomenon is an important one because the rate of 2,3 DPG restoration is

affected by the acid-base status, degree of anemia, cardiopulmonary function,
35

plasma inorganic phosphorus level, and other factors. Studies have shown

that oxygen transport function is especially critical in patients with fixed

cerebral and coronary blood flow, hypothermic patients in hemorrhagic shock,

and hypothermic patients undergoing cardiopulmonary bypass surgery, and such

patients should be given red cells with increased 2,3 DPG levels and improved ..
35

oxygen transport function. 3

From 1968 to 1972, the Naval Blood Research Laboratory was involved in

studies of more than 300 patients who had sustained war injuries in South

Vietnam and were being treated at the Chelsea Naval Hospital (later named * S

Boston Naval Hospital, Chelsea, MA). The use of general anesthesia for

routine debridEment of wounds precipitated a life-threatening state of

hypotension in these patients. The body's compensatory mechanism for the

reduction in red cell volume was to increase the red cell 2,3 DPG levels to a
ensure optimum oxygen transport function without an increase in cardiac

output. A 40% reduction in the red cell volume usually was compensated for by

an increJse in the level of 2,3 DPG from 0.8 moles DPG/mole Hb or 13 uM/g Hb

to 1.6 mole DPG/mole Hb or 25 uM/g Hb, which is two times the normal level. 31

Our studies in these patients led to the development of a rejuvenation

solution, now called PIPA, containing pyruvate, inosin?, phosphate, and

adenine, which produces these types of elevations in red cell 2,3 DPG levels

in vitro. Red cells that are hiocemically treated with PIPA solution after 6 "

to 8 days of storage at 4°C have 2 to 3 times normal 2,3 fPC levels and

improved oxygen transport function upon transfusion. Rejuvenated red cell

have been used with considerable success in treating anemic patients with

coronary and cerebral insufficiency and hypothermic patients undergoing -.
35

cardiopulmonary bypass surgery.
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PLATELET TRANSFUSIONS _

Patients with dilutional thrombocytopenia associated with a bleeding

diathesis may require platelet as well as red cell transusions, and the

platelets must have satisfactory viability and function.' 36'37  The shelf

life of platelets is considerably shorter than that of red cells (5 days at

22°C and 2 days at 40C), but cryopreservation with DMSO permits storage at

-80C for 2 years and at -150C for at least 3 years. 1,36,38.

When platelets are stored at 40C for 24 hours, they have excellent

hemostatic effectiveness during the 4- to 8-hour posttransfusion period. The

effectiveiess of platelets that have been stored at 22*C for 5 days is

impaired during the first 3 hours after transfusion; however, these platelets

do have excellent posttransfusion survival. 1'36'38  When platelets are frozen

within 6 hourb of collection, either with 5% DMSO and storage at -150 0 C or
with 6% DMSO and storage at -80'C, they have excellent hemostatic

effectiveness. But post-transfusion survivals are only about half those of

fresh platelets, so two units are needed to achieve an increase in platelet

counts comparable to that achieved with one unit of fresh platelets.1'
36  .

PLASMA OPSONIC PROTEINS

The opsonic plasma proteins in blood (which consist of immunoglobulins,

IgG, IgM, and IgA complement, and plasma fibronectin, a cold insoluble

globulin 39-42 ), are thought by some to be beneficial in the prevention and

treatment of sepsis following hemorrhagic shock, although this has not been

substantiated. Cryoprecipitate containing plasma fibronectin and fibrinogen,

Factor VIII, and von Willebrand's factor has been recommended for treating

patients with a deficiency of plasma fibronectin following surgical
43-46

procedures, traumatic injuries, and burns. It is believed that ten units

of cryo-precipitate are sufficient to treat the deficiency of plasma

fibronectin. This area of research, if successful, represents a significant

advancement in the treatment of acute hemorrhagic shock and prevention of

septic shock. Hyperimmune serum produced to mutant Escherichia coli has been

reported to be therapeutically effective in the treatment of Gram-negative
47 _ _O _

bacteremia and shock in man.
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Studies are in progress to isolate, purify, and cryopreserve human

mononuclear cells in peripheral blood; mononuclear cells can now be salvaged

from the cellular residues obtained during plateletpheresis procedures.

Universal donor toti-potential hematopoietic stem cells devoid of

immunocompetent cells are needed to treat irradiation injury and combined .

injury.4 8 -50  Obtaining totipotential hematopoietic stem cells from the blood

by means of a blood cell separator is preferable to a bone marrow harvest

because the leukapheresis procedure is well-tolerated and can be performed

repeatedly on an outpatient basis without anesthesia and without the

discomfort associated with multiple bone-marrow punctures. The mononuclear

cells can be cryopreserved with 5% DMSO and 6% HES in Normosol-R and albumin,

frozen at 2-3*C per minute by storage in a -80*C mechanical freezer, and

stored at -800C or -150°C.5 1,52  Cell washing is necessary to remove the DMSO

and HES. •

CFU-GEMM (granulocyte-erythrocyte-macrophage-megakaryocyte) and CFU-GM

(granulocyte-macrophage) colonies can be grown in tissue culture, and

monoclonal antibodies can be utilized to identify helper and suppressor T

cells, B cells, monocytes, and non-T and non-B null-type cells.

POTENTIAL RISKS OF BLOOD TRANSFUSION

The major risk in transfusing blood products to treat acute hemorrhagic

shock is the-transmission of hepatitis, although testing for the hepatitis B

surface antigen hds reduced this risk considerably. Some investigators

believe that the incidence of posttransfusion hepatitis can be reduced even

further if the plasma is removed from the blood before transfusion. Red cell 0

concentrates that are washed before transfusion are relatively free of plasma.

Although red cell washing does reduce the dose of virus associated with the

hepatitis, it does not eliminate the transmission of hepatitis. Testing of

donor blood for alanine aminotransferase has been recommended as a method to 0

reduce the transmission of non-A-non-B posttransfusion hepatitis.
5 3

Blood products may also transmit malaria, cytomegalovirus, acquired

immune deficiency syndrome (AIDS), 54and other infectious diseases, and the .

risk of red cell incompatibility must always be considered. The transfusion
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--. of incompatible blood very likely produces a hemolytic transfusion reaction,

resulting in renal insufficiency and disseminated intravascular coagulation,.

Red cell incompatibility rarely occurs as the result of failure to detect

incompatible donor blood by the crossmatching procedure, but rather occurs

during transfusion when, say, Group A, B, or AB blood is given erroneously to

a Group 0 recipient..C)On the other hand, non-hemolytic transfusion reaction

occurs when the patier has a reaction to white blood cells, platelets, plasma

proteins, and non-protein substances in the blood as a result of previous

allo-immunization to these substances. Other potential risks from

transfusions of blood products include citrate intoxication, ammonia , 0

intoxication, amorphous debris (microaggregates in blood), and the toxic:|1

effects of the anticoagulant used for blood collection and preservation.
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xSCu.ION WITH DR. VALER,

DR. KAPLAN: From a practical standpoint., or from a financial . ..

standpoint, it costs two to four times as much to ise blood components. If I

have a patient that I know needs red cells because of loss, or who may also

need albumin or other factors, it will cost the same for a unit of plasma or

whole blood. A unit of plasma and a unit of packed cells costs twice as much

as a single unit of whole blood. Could you comment?

DR. VALERI: Cost-effectively speaking, you are absolutely right. If

you break blood into its components, the blood banking community then is able

to charge for the individual ccmponents, the cost of which is greater than a

unit of whole blood. If you are locking for maximum benefit for lots of

patients other than your specific burn patient, I think that you would agree

rhe components are what we should strive for.
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DR. CATRAVAS: There have been some attempts made to encapsulate

hemoglobin into special liposomes as artificial oxygen carriers. Would you

care to comment?

DR. VALERI: We have looked at stroma-free hemoglobin. We are also

looking at fluorocarbons. Fluorosol, now being used clinically, has been beset

with a number of problems. I believe the major problem is complement

activation. To receive fluorosol you are required to receive 60-100 percent

inspired oxygen, but before they give it to you there are some people who also

suggest that you be given 2 grams of corticosteroids to avoid the activation of

the complement that occurs from detergent pluronics.

If you could have a resuscitative fluid that carries oxygen, I think

it would be a tremendous benefit to everybody. The reality is that you have to

look at the data right now. They arn't very optimistic for either the

fluorosols or the stroma-free hemoglobin.

DR. MacVITTIE: We have been working for a number of years in trying

to separate the pluripotent stem cell from both the canine and the primate

models in peripheral blood. We have heard rumors that your group has isolated

the pluripotent stem cell from the periperal blood. Would you care to eomment

on your progress?

DR. VALERI: Our enthusiasm is predicated on the fact that in our

fantasy, we can grow stem cells in the form of GEM, but that may not be true.

Our purification procedures, using Congo 4 elutriation, have resulted

in the identification of a cell that has a volume of about 200 cubic microns.

In tissue culture, these cells grow very actively into GEM. Along with the

GEM, unfortunately, are a lot of other cells. Therefore, we are very

interested in trying to further purify them without getting involved in sheep

red cells, lectins, etc.

I think the assignment is very fundamental, and use of tissue culture

to identify potential stem cells is the key.
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What we would like to be able to tell you a year from today is that

reconstitution after total-body irradiation is related to an in vitro system.

At the present time I don't think either the GEM or Dexter culture would allow

us to make that prediction.

DR. MacVITTIE: What species are you working with?

DR, VALERI: We are p esently working with baboons and humans. All

of the data we are now working on with regard to isolation is from peripheral

blood and bone marrow of humans or baboons.

DR. MacVITTIE: Have you established the Dexter long-ter" cultures in

the baboon or the primate?

DR. VALERI: Yes. Our cultures are primarily from baboons and

humans.
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INTROOLICTION.

Although burn shock almost invariably accompanies major thermal injury,

it is rarely refractory to fluid resuscitation. Baxter has stated that 95% of

children and 80-90% of adults will achieve resuscitation with fluid volumes

predicted by the Parkland formula.1 This formula is the most liberal of those

commonly employed to guide resuscitation in the treatment of burn shock, and

many patients resuscitate successfully with significantly smaller volumes of

fluid..2  However, in select patients, failjres of burn shock resuscitation

still occur despite administration of massive volumes of fluid. These

patients include those at the extremes of age and those with exceptionally

extensive tissue trauma or major electrical injuries, major inhalation injury,

delay in initiating adequate fluid resuscitation, or underlying disease that

limits metabolic and cardiovascular reserve. 3  In these patients, refractory

burn shock and resuscitation failure remain major causes of early mortality

despite advances in emergency care and transport, resuscitation- regimens, and

physiologic stabilization.

Numerous reports suggpst that serum from thermally injured oatients and

animals contains circulatino "factors" toxic to cellular function and

presumably responsible for the phenomenon of burn shock. 4,5  Preliminary

investigations utiliir;g olasma exchanqe in burn patients not responding to

conventional manacement have demonstr,~ed marked imorovement in several

clinical settings, including refractory resuscitation failure, respiratory

failure in the absPnce of inhalation injury, myoglobinuria associated with

massive electrical injuries, and the syndrome of' metabolic exhaustion or "pre-

seosis, "r ,In this report, the use of olasma exchange was evaluated

retrospectively in a larmer qrouo of patients with major thermal injuries who

failed to resoonH to conventional fluid volumes during resuscitation from burn

shock.-
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NTER;A.S AND METHODS

Patient Population. During a 3-year period, 22 patients underwent plasma

exchange during shock resuscitation. The mean age was 22.7 years (range 1-

60). The mean total-body surface area (TBSA) burn was 47.9% (range 25.5-100)

with a mean full-thickness TBSA injury of 31.9% (ranqe 3.5-88). The patient

group consisted of 14 adults (all male) and 8 children (5 male, 3 feniale).

The etioloay of tissue injury was flame burns in 16 patients, electrical

injuries in 3 patients, and scald burns in 3 patients. Twelve oatients

suffered concomitant inhalation injuries as documented by 1 33 Xenon oerfusion

scan.7  Significant ore-existing medical conditions were oresent in 5

patients; they include substance abuse (2), hypertension and chronic

alcoholism (1), congestive heart failure with chronic luno disease (1), and

iatrogenic Cushing's syndrome after bilateral adrenalectomy (1).

Resuscitation Protocol. Initial manaement of each patient included the

routine placement of a nasoqastric tube, foley catheter, arterial line, and

two large-bore intravenous catheters for fluid infusion. Fluid resuscitation -

was initiated according to Parkland formula guidelines (4 cc Ringer's lactate

solution/kg body weight/% TBSA burn in the first 24 hours). 8  However, this

formula was employed merely to estimate fluid deficits and requirements. Once

resuscitation was instituted, standard clinical guidelines were used to assess

the adequacy of fluid resuscitation, the primary criterion beino maintenance

of adequate urine output. Fluid infusions were adjusted hourly to maintain a

minimal acceptable urine outout defined as 30 cc/hr in adults and I cc/kq/hr

in children. For patients sustaining electrical injuries, the minimal

acceptable uri,'e output was 75 cc/hr in adults and 2 cc/kq/hr in children.

Patients transported to the burn center had fluid resuscitation initiated

prior to transport. Patients who failed to maintain urine oitout were given

increasinq volumes of crystalloid as needed until they had received twice the

volume predicted by the resuscitation formula. At this time, patients were

switched to a resuscitation reaimen based upon hypertonic lactated saline

(180-230 meq Na/liter) in an attempt to restore urine output. 9 )yoertonic

fluid was initially infused at the rate predicted by the resuscitation

formula, and subsequently titrated to urine outout.
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Indications for Plasma Exchange. In 17 patients, the indications for
plasma exchange were ongoing fluid requirements exceedinq twice those

predicted by Parkland formula guidelines despite conversion to hypertonic

lactated saline resuscitation fluid. In an additional 5 patients, plasma

exchange was performed for massive myoglobinuria in addition to resuscitation

failure. Patients failing to respond to fluid resuscitation also demonstrated

persistent lactic acidemia, depressed mental status, and arterial hypotension.

In most patients, the diagnosis of resuscitation failure could not be made for

at least 12 hours post-burn, during which time the patients often required

fluid volumes in excess of those predicted by the entire 24-hour Parkland

calculation. The decision to perform plasma exchange was not made until the

above criteria were satisfied. The procedure was often instituted as a "last

resort" in an attempt to salvage the patient from irreversible burn shock.

Plasma Exchange Protocol. The plasma exchange procedure involved

oerforming plasmapheresis in adult patients and simultaneously replacing cc

for cc 1.5 times the patient's calculated blood volume with type-specific

fresh frozen plasma (FFP). The blood volume for adult males was estimated to

equal approximately 7 percent of their total body weight in kilograms. For

females and children, the blood volume estimate was 6 Dercent of their total
body weight. Fluid resuscitation with Rinqer's lactate solution was continued

throughout the course of plasma exchange, and was modified according to urine

output as outlined above.

The plasma exchange procedure was accomplished using either the IBM Model

2997 Continuous Blood Cell SeDarator (IBM Systems, Endicott, NY) or the

Haemonetics Model 30 Discontinuous Blood Cell Processor (Haemonetics Inc.,

Natick, MA). The continuous cell separator has been used almost exclusively

since 1981 because it is particularly well suited for patients with elevated
hematocrits and hyperviscosity (i.e., hemoconcentration during burn shock).

This machine separates whole. blood into major comoonents (erythrocvtes,

platelet-rich plasma, platelet-poor plasma, and leukocytes) with the advantage

over discontinuous cell separators of reauirina virtually no initial volume
from the patient to "prime" the device (100 cc of normal saline is utilized).

A double vacular access techniaue was employed. Blood was removed throuqh a

12- or 14-gauge femoral venous catheter (IntracathR, Deseret, Sandy, IT) and
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directed into the centrifuge. The platelet-poor plasma fraction was removed

and collected in sterile bags for research purposes. The remaining fractions

were recombined with FFP and returned to the patient through a. 16-gauge

femoral or central venous catheter.

Exchange Transfusion Protocol. Exchange transfusions were performed in

children under 5 years of age using whole blood and platelets in an isovolemic

fashion. Again, the volume of exchanged fluia was calculated to be 1.5 times

the circulating blood volume as defined above. Blood was removed from the

patient through a femoral arterial catheter in 30-cc to 50-cc increments, with

the simultaneous infusion of an equal volume of cross-matched whole blood

through a femoral or central venous catheter. Six to eight pooled olatelet

packs were administered at the end of the procedure to replenish the

anticipated platelet deficit. Throughout both plasma exchange and exchange --

transfusion procedures, intake and output data were carefully balanced to

ensure that the procedures were isovolemic. Each procedure was performed only

once in each patient during the resuscitation period.

Completion of Resuscitation. Completion of burn shock resuscitation was

defined as (1) ability of the patient to maintain adequate urine output for

2consecutive hours at a rate of fluid infusion equivalent to calculated

maintenance requirements; (2) resolution of lactic and metabolic acidosis; (3)

stable vital signs, and (4) return of mental status of baseline, unless

associated injuries, premorbid condition, or anesthesia precludes accurate

evaluation. Maintenance fluid requirements are elevated in patients with

major burns and were predicted by the followina formula:

Evaporative water loss from the burn wound: 10

(25 + % TBSA burn)(8SA m2 ) = cc/hr*

Other maintenance ,1,1i requirements (urine, stool, respiratory loss,
etc):

(62.5 cc)(BSA m2 ) - cc/hr*

Thus, total maintenance fluid rsouirements Poual evaporative + insensihlp
loss:

(87.5 + % TBSA burn)(BSA m2 ) = cc/hr*

* BSA body surface area calculated from the nomogram of Oubois. 11
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Monitoring. In all patients, vital signs (heart rate, blood pressure,

respirations, and temperature), sensorium, urine output, and fluid intake were

recorded hourly. Measurement of the following laboratory parameters were made

at 4-hour intervals throughout the course of fluid resuscitation and plasma

exchange therapy: complete blood count, differential, and platelet counts;

serum prothrombin and partial thromboolastin time (PT, PTT); serum

electrolytes, blood urea nitrogen (BUN), creatinine, lactic acid, albumin, and

total protein; and arterial blood gases (ABG's). Transient decreases in

systemic blood pressure were occasionally noted; however, slowing the rate of

removal of blood to be exchanged resulted in a rapid normalization of blood

pressure.

Statistical Analysis. Data are presented as a mean + standard error of

the mean. Student's paired t-test was used for the evaluation of paired

determinations in group samplina intervals. P values less than 0.05 were

considered significant.

RESULTS

The patients had a mean delay in initiating adequate fluid resuscitation

of 3.0 hours (range 0.5-12 hours). Plasma exchanae was oerformed at a mean

time of 17.0 hours post-burn (range 7-48 hours). 11,, plasma exchange

procedure required a mean 4.3 hours to complete, while exchange transfusions

required 1.0 hour. Sixteen patients underwent plasma exchange, and exchange

transfusions were performed in 6 patients. A therapeutic response was

documented in 21 of the 22 patients (95.4%). This response was characterized

by a sharp decrease in fluid requirements, from a mean of 260% above the

predicted hourly volume by the resuscitation formula to within calculated

requirements at a mean time of 2.3 hours (ranqe 0-8 hours) followina plasma

exchange. Raoid clearing of pigment was seen in the 5 patients with

myoglobinuria. Only one patient, with a 100% TBSA burn (88% full-thickness

injury), failed to respond to plasma exchanqe and expired at 18 hours post-

burn. The overall in-hospital mortality fr- the uatient group was 27.3%.

Three early deaths occurred within 5 days of injury (one each due to
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irreversible burn shock, cerebral hemorrhage, and respiratory failure), while

3 late deaths (at 22, 41 and 55 days post-burn) were attributed to sepsis:.. No

major complications were associated with the plasma exchange procedure.

The patient group achieved resuscitation at a mean time of 27.3 hours

post-burn (range 14-52 'hours) (Table 1). The mean resuscitation volume was

6.77 cc/kg/% burn (range 1.3-15) with sodium load of 1.24 meq Na/kg/% burn
(range 0.4-2.7). Plasma exchange resulted in a dramatic and statistically

significant decrease in resuscitation volume and increase in urine output when

comparing group means pre- and oost-plasma exchange (p <0.001).

TABLE I. ' RESUSCITATION CHARACTERISTICS

Total resuscitation received:
Mean duration 27.3 hours (range 14-52)
Mean fluid volume 6.77 cc/ka/% burn (range 1.3-15)
Mean sodium load 1.24 meq Na/kg/% burn (range 0.4-2.7)

Effect of plasma exchange
on resuscitation volume: Pre 0.39 + 0.04 cc/kq/% burn/hr

Post 0.17 ¥ 0.02 cc/kg/% burn/hr*
Effect of plasma exchange

on urine output: Pre 1.04 + 0.13 cc/kq/hr
Post 3.26 ; 0.7.1 cc/kg/hr*

• p <0.001

Figure 1 illustrates the effect of plasma exchange on resuscitation

volume. Immediately prior to plasma exchange, - the mean volume of

resuscitation fluid necessary to maintain a minimum acceptable urine. output
was 260% of 'he level predicted by the Parkland formula based upon burn size

and body weight in kilograms. However, plasma exchange permitted a sharp

decrease in fluid resuscitation volume from a mean of 0.39 cc/kg/% burn/hr

(S.E. + 0.04) to 0.17 cc/kg/% burn/hr (S.E. + 0.02, T = 8.08, p 0.001) within
2 hours after the procedure was completed. Plasma exchange resulted in a

brisk diuresis (3.26 cc/ka/hr, S.E. + 0.71, T 4.17, p 0.001) despite a

marked decrease in fluid volume administratio,.
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PLASMA EXCHANGE IN BURN SHOCK
EFFECT ON RESUSCITATION VOLUME

T,. * < 0.005
4I.N

.3 plasma It

> exchange

_ .2

MEAN CALCULATED VOLUME maintenance
REOI UIRE MEN

4 8 12 16 20 24 28

TIME POST-BURN (hours)

Figure 1. Effect of plasma exchange on resuscitation volume. The

mean + S.E.M. resuscitation volume for entire patient group (N : 22)

is depicted on ordinate in cc/kq/% burn/hr versus time post-burn in

hours on abscissa. Plasma exchange was performed at a mean time

post-burn of 17 hours, required anproximately 4 hours to complete,

and resulted in a statistically significant decrease in fluid

requirements aoproachina the volume predicted by the resuscitation

formu 1 a.

Plasma exchanae resulted in a statistically sianificant decrease in serum

lactate levels within 2-4 hours (see Table 2). Significant increases in serum

bicarbonate, oH, and base excess levels were seen immediately nost-olasma

exchange as metabolic acidrsis resolved. No significant effect was observed

on serum sodium concentracion. However, a sionificant increase occurred in

serum albumin levels.
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TABLE 2. EFFECT OF PLASMA EXCHANGE ON LABORATORY PARAMETERS

Pre-Plasma Exchange Post-Plasma Exchange
Mean Mean

(Group mean, N 22)

Lactic acid (meq/1) 5.99 + 0.728 2.76 + 0.854*
Bicarbonate (mea/1) 20.0 1.2 26.9 1.0*
pH 7.40 0.02 7.48 0.01*
Base excess -2.98 _ 1.3 +2.98 0.8*
Sodium (meq/1) 141 144
Albumin (meq/dl) 1.69 +,0.15 2.10 + 0.08*

p <0.001. 43 00

The colloid content, of the replacement fluid (FFP) was measured and

compared to the mean total protein and albumin content of burn plasma removed -

by olasmapheresis (Table 3). Plasma exchange resulted in a mean net gain in

colloid of 131 qm of total protein and 80 qm of albumin to the patient.

TABLE 3.. COLLOID EFFECT OF PLASMA EXCHANGE

7 Samples of "Normal" Fresh Frozen Plasma- Mean Colloid Levels:

Total orotein - 6.29am/dl

Albumin - 3.73am/dl

16 Plasma Exchange Patients:

Mean Amount of Plasma Exchanaed - 4858 ml
Mean Net Gain in Colloid:

Total Protein - 26.9 am/liter exchanaed
or

131 am/olasma exchanae

Albumin - 16..5 am/liter exchanged
or

80 am/olasma exchanqe
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DISCUSSION

Recognition of the necessity for vigorous fluid resuscitation has

resulted in a great decrease in the early mortality of patients sustainina

major thermal injuries.1,2,1 2  A number of different resuscitation regimens

currently in use appear to be effective. Their key ingredient appears to be

the sodium inn.2,13 Colloid solutions offer no advantage over crystalloid

solutions in tne initial post-burn period, and various resuscitation fluids

appear to be effective in direct proportion to their sodium content.9,1 3  --

Evidence suggests that despite their clinical success, these fluid

resuscitation regimens have little effect on the pathonhysiologic mechanisms

of burn shock, and serve chiefly to maintain extracellular (ECF) volume until

capillary intearity and cardiovascular function recover spontaneously at 24-36

hours post-burn. 2  Much additional work has endeavored to elucidate the

optimal fluid therapy for burn patients. Isotope dilution studies have

demonstrated the loss of up to 50% of the ECF volume during unresuscitated

burn shock. 8  This is accompanied by an immediate decrease in cardiac output,

increased pulmonary and systemic vascular resistance, increased capillary

permeability, and other cardiovascular effects that do not appear to depend

primarily on intravascular volume. Effective fluid resuscitation does not

largely affect the initial depression of cardiac output and altered .

microvascular permeability, which are characteristic of burn shock. 8  At the

cellular level, burn shock is accompanied by disturbances in the membrane

potential, loss of normal ion homeostasis, and depressed function of eneray-

dependent transport mcchanisms. 14-17  These effects also persist despite fluid

resuscitation, which apoears clinically to salvage the Patient from shock.

The volume of isotonic crystalloid fluid necessary to maintain ECF volume

and cardiovascular function durinq burn shock appears to be in the range of 2-

4 cc/kq/% TBSA burn in the first 24 hours Dost-hurn, 8,13  The clinical success

attributed to varyinn resuscitation regimens raises doubt as to the

physiologic exactitude and therapeutic soecificity of any one formula, and

speaks more for the physiologic reserve and compensatory mechanisms of the

majority of burn patients. 3  wowever, these regimens have proven .2

unsatisfactory in certain high-risk patient grouos, including patients at the
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extreme of age, patients with massive tissue trauma (including electrical and

fourth-degree injury) or associated injury (most notably inhalation injury),

patients in whom there is a significant delay in the initiation of fluid

therapy, and patients in whom the presence of pre-existing illness limits

cardiovascular and metabolic reserve. These patients tolerate poorly the
inevitable period of hvpovolemia and cardiovascular instability. Many fail to

recover with fluid resuscitation alone, and develop a progression of vascular

leakage and cardiac dysfunction until death.], 2  In addition, many patients

who are adequately resuscitated suffer morbidity as a result of the fluid

infusion and edema that accompany resuscitation.

An expandinq body of evidence supports the concept that the etiology of

burn shock may be secondary to a number of alterations in the internal

environment of the organism. Baxter et al., in 1955, demonstrated in cross-

perfusion studies from burned to unburned doqs a decrease in cardiac output in

the unburned animals, suggesting that there were circulating factors in the

burn serum responsible for burn shock. 4  A number of other studies have

addressed the issue of a circulating "myocardial depressant factor" or "shock

toxin" responsible for the characteristic dysfunction of myocardial

contractility observed in burn shock both in experimental animals and in man.

A variety of circulating serum factors have been implicated in the

pathophysiology of burn shock, including the release and consumption of many
mediators of the inflammatory response, which lead to increased vascular

permeability and cellular membrane dysfunction.18-20 These substances include

vasoactive amines, products of platelet and comolement activation, products of

arachidonic acid metabolism, kinin polypeptides, endotoxin, metabolic

hormones, fibronectin, and other substances (Table 4).

TABLE 4. PRESUMED CIRCULATING MEDIATORS OF BURN SHOCK

Vasoactive amines: histamine, serotonin
Products of platelet activation: thromboxanes
Products of complement activation: C3a, C a, (anaphylatoxins)
Products of arachidonic acid metabolism: Orostaglandins, leukotrienes
Kinin polypeptides, coagulation/fibrinolvtic proteins
Exogenous substances: endotoxin
Metabolic hormones: catecholamines, cortisol
Other: neotrophil products, denatured protein, serum oroteins,

fibronectin
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Other studies, have demonstrated profound immunologic effects of sera or

plasma isolated from burned patients, including enhanced red blood cell

destruction, altered leukocyte cheotaxis, depressed neutroohil bacteriocidal

capacity, and altered lymphocyte function.2 1-26  Although soecific etiologic

factors are yet to be identified, the burn literature is reolete with reoorts

demonstrating that specific cellular abnormalities can be returned toward

normal when the Particular cell is removed from the burn environment (i.e.,

fresh frozE:l plasma or donor whole blood).19-26  In addition to the activation

and release of oostulated toxic effector substances, thermal injury is

associated with the consumption of a number of serum comoonents, including

fibronectin, comolement components, olatelets, and other inflammatory

mediatcrs. 18 ,2 5,27

With thp development of in vivo blood cel" separators, the separation and

removal of specific blood components for therapeutic intent have become

possible. Plasmapheresis (selective removal of olasma) has greatly aided the

manaaement of a number of medical conditions, including antibody-mediated

diseases, immune complex disorders, diseases of excess plasma factors, and

numerous miscellaneous disorders. 28 ,29  The suc.:Iss of plasmapheresis in these

disorders, has provided direct evidence for -he involvement of circulating

factors in the pathoqe-esis of disease. Since FFP was used to reolace the

plasma removed by olasmaoheresis, plasma exchanqe is a better term for the

procedure employed in burn patlints. The rationale for using FFP as

replacement fluid is that it is relatively inexpensive, it is readily

availaole, and it is an excellent source of coagulation factors, serum

transoort and hindinq oroteins (albumin), oosonic proteins (fibronectin,

complemeit, immunoqlobulins), and other components depleted post-burn. More

importantly, FFP has heen shown to reverse specific leukocyte abnormalitios in

various in vitro systems.19 ,22,? 3,26  Plasma exchange has been used

successlully as a theraneutic modality to remove circulatino comnlexes and/or

to replace soecific deficiencies in the serum in a variety of clinical

settinas.
2 8,29

ThesP con-ots have led to the use of Plasma oxchanoe in an attempt to

remove circulatinn toxic factors, replenish i niury-t-iooered host

deficierries, and corrcct cellular mrr,bi ane defects in burn shock. No
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previous investiqations utilizing this approach have been reported in burn

patients. A brief report by Baxter utilizinq exchange transfusion therapy in

pediatric burn oatients not resoondinq to conventional resuscitation showed a
reversal of fluid requirements toward normal. 1,30  Experience with the use of

plasma exchange in the management of shock is limited. Levinson and Hume

demonstrated improved clinical parameters following whole blood exchange in

septic shock. 31  The application of intensive plasma exchange in crisis

situations has demonstrated its efficacy as a theraoeutic measure to allow the

patient to "tide over" a ootentially life-threatenina or end-orqan-damaging

phase of a disorder when conventional therapy fails to control the disease

process.

It is clear from the above discussion that an altered internal

environment exists followinq major thermal injury. Plasma exchanqe may

nrovide a potertial alternative in burn shock resuscitation by returninq the

altered internal milieu toward normal. Whether the mechanism of action of

plasma exchange involves a removal of circulating toxic factors, or a

replenishment of specific deficiencies, or a combination of the two, remains

to be determined. Although the plasma exchange procedure resulted in a

positive albumin balance, the net gain in albumin of only 8 -rams per plasma

exchange procedure suqests that the positive effect of plasma exchange is not
due merely to colloid reolacement. Although this reoort is preliminary and

involves a hetero4eneous patient population without adeauate controls, it is

encouraging that the various clinical parameters return toward normal in

nearly all of these oatients. Clearly, a randomized trial of plasma exchange

in the treatment of burn shock is indicated. Nonetheless, we believe that the

following conclusions are warranted frnm this study: (1) plasma exchange can

be performed safely in critically injured burn vatients; (2) plasma exchange

arrests ongoing burn shock throuoh an as-yet-undefined mecha~nism, resultinn In

dramatic reversal of fluid renuirements, brisk diuresis, resolution of lactic

acidosis, and restoration of caoillary intpqrity; and (3) nlasma exchanae

facilitates resuscitation from burn shock in a select arnuo of catients who do

not respond to conventional yij m e therany.
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DISCUSSION PERIO WITH DR. WARDEN
I

DR. fETT: Did your plasma exchange alter the edema that occurs?

Also, did any patients have their resuscitation started in the first 30-60

minutes?

DR. WARDEN: I will answer the second question first. Some of the

patients did have it started early, but those patients usually had severe

inhalation injuries, very large burns or electrical injuries. As far as edema

formation, it is generally related to the amount of fluid that is given. These

patients were in resuscitation failure so they all had massive edemas and

required six cc's per kilogram per percent burn. We have now initiated a

prospective study looking at normal burns and from the initial group it looks

like plasma exchange will probably cut down the resuscitation fluid to around I

cc per kilogram per percent burn in a "normal burn patient."
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MIXED INFECTIONS AND THEIR CONTROL
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INTRODUCTION

Massive trauma predisposes the patient to bacterial invasion and sepsis as

a consequence of the catabolic influence of hypermetabolism and resulting

immune deficiency. Systemic infection is a common complication of multiple

injury despite the availability of potent and specific antibiotics.
2

Infections following trauma are due to opportunistic pathogens that

originate from endogenous or exogenous sources. These pathogens, often present

as mixed infections, depend on the body site traumatized, the nature and

severity of the trauma, and the circumstances of the injury. These organisms
are often of enteric origin, and include Pseudomonas aeruginosa, Staphylococcus

aureus, Proteus sp., Escherichia coli, Klebsiella pneumoniae, Clostridium sp.,

and Candida albicans. Recent work has shown that anaerobic organisms can also

participate- in the infectious process.3 The anaerobes most frequently
recovered are anaerobic Gram-positive cocci and the Bacteroides fragilis group.

Colonization patterns established by opportunistic pathogens are dynamic, and
flora found in wounds shortly after admission may not be the same as those

found several days later.

Whole-body irradiation is associated with fatal septicemia in animals.4

Postirradiation infections can also occur in man. Lymphatic and other tissues

from Japanaese patients dying from the effects of the atomic blasts at

Hiroshima and Nagasaki frequently revealed microscopic bacterial colonies of
5both Gram-positive and Gram-negative bacteria in the tissues. In some cases

of accidental whole-body exposures, infection with enteric organisms also

occurred and presumably added to the radiation syndrome.4  When a combination
of trauma and other injuries occur in conjuction with irradiation, the risk of

developing a serious infection is increased. Following such combined injury,
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the role of proper therapy with antimicrobial agents is of primary importance.

Studies have shown that appropriate management of these infections can reduce

the morbidity and mortality following combined injury..

A factor that complicates management of trauma-induced infections is that

most of them are polymicrobial , including multiple aerobic and anaerobic 0

organisms. Furthermore, due to the depletion of the host immune defenses,

bactericidal antibiotics are preferred, and synergistic combinations of agents

producing bactericidal action should be used.

S

The complex microflora associated with pyogenic wound and, soft tissue

infections generally reflect the indigenous flora of the skin or adjacent

mucous membranes of the oropharyngeal , gastrointestinal , or genfital tracts.

Necrotizing wound. and soft tissue infections are particularly prone to

develop in areas with tissue ischemia and lowered oxidation-reduction

potential. Risk of infection is also great at anatomic sites regularly

exposed to fecal or oral contamination.

WOUND AND SKIN INFECTIONS

Beta-hemolytic streptococcus and S. aureus, eiLher alone or in

combination, are usually the causative organisms in skin infections. 7  Wounds
7

associated with foreign bodies can be infected with P. aeruginosa. Also many

wound and skin infections following trauma are caused by mixed flora that are

endogenous in nature and act synergistically.

Crepitant cellulitis is an acute anaerobic infection of the soft tissue

that is characterized by abundant connective tissue oas and minimal systemic

toxicity. Clostridium perfringens or other clostridial specimens are generally

present ir these lesions. Other or-anisms that can be involved are
9

Bacteroides, Peptostreptococcus, and coliforms. Necrotizina fascitis, a

gangrenous lesion, is generally caused by a variety of organisms including

beta-hermolytic streptococci, S. aureus, Gram-negative enteric organisms,
10

Peptostreptococcus, Bacteroides, and Fusobacterium. Gas ganarene is a

rapidly progressive, life-threatening, toxemia due to Clostridium infection of

302



muscle. It usually follows contamination of severe crushing muscle injury by
1animal or human feces. C. perfringens or other clostridial species are

isolated frcm most of the cases, sometimes mixed with other anaerobes 3nd

facultative organisms. Synergistic necrotizing gangrene is caused by the

combination of (a) a microaerophilic nonhemolytic streptococcus, found

primarily in the spreading periphery of the lesion, and (b) S. aureus in the

zone of gangrene. A variety of other organisms can be seen instead of or in

addition to the staphylococci. These include Proteus, Enterobacter, Pseudo-
11monas, and Clostridium species. Synergistic necrotizing cellulitis is caused

by mixed infection containing one or more species of Gram-negative aerobic

bacteria and at least one obligate anaerobe such as Bacteroides, Peptostrepto-

coccus, or Peptococcus.

Cutaneous abscesses are commonly encountered following wound infection,

and can he caused by many aerobic and anaerobic pathogens. Although their

treatment is usually surgical, knowledge of the usual flora causing infection

in certain anatomic loci should permit the institution of therapy before the

results of cultures are available. Anaerobes predominate in abscesses in the

vulvo-vaginal, buttocks, perirectai, finger, and head areas, but aerobes are
7more prevalent in the neck, hand, leg, and trunk areas. The major aerobes

recovered are S. aureus, group A beta-hemolytic streptococci, Enterobacter, and

E. coli. The common anaerobes recovered include anaerobic Gram-positive cocci,
7

.Bacteroides sp., and Fusobacterium sp.

INFECTIONS FOLLOWING BLUNT TRAUMA,

flicrobial infection in impact and crushing injuries is of secondary

importance to the original injury. In severe trauma, there may be multiple

injuries to the head, chest, and abdomen as well as fractures of the

extremities and crush injuries. The first concern is survival of the patient

and maintaining vital functions. Frequently, severe injury is associated

with impairment of host defense mechanisms, and the stage is set for subsequent

serious infection. The two possible sources of microbial contamination at this

time are the host and the environment.
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The first and most common method of developing infection secondary to

blunt trauma is a break in the mucosal barrier, which gives bacteria ready

access to the peritoneal or pleural cavities. Bacteria from the patient's

gastrointestinal and respiratory tracts nay find egress from lacerations or

disruptions of either tract. Rupture of any hollow viscus in the abdomen is

followed by bacterial seeding of the peritoneal cavity.

Bacteria can also enter the tissues of the host and cause infection by

secondary invasion.8 A large hematoma, hemothorax, or aiy area of impaired

blood supply is a favorable medium for the growth of endogenous

microorganisms. Exogenous bacteria are usually not prime pathogens, and cause

disease only if the local wound is not properly treated.8

INFECTIONS FOLLOWING PENETRATING INJURIES

Penetrating injuries occur in any part of the body. They are caused by a

variety of agents, ranging from high-velocity bullets and shrapnel to knives

and splinters. Many kinds of microorganisms cause infection following a

penetrating injury. What is carried into the wound by the penetrating agent

is important, as is the location of the wound and the organs that are

perforated. Although almost any combination may occur, microorganisms from the
7,8gastrointestinal and respiratory tracts predominate.

The wounding agent inevitably causes tissue destruction, usually intro-

duces some.foreign matter, and is associated with some degree of bleeding in

the tract of penetration. This process establishes a culture medium suitable

for microbial replication. With or without foreign matter, necrotic tissues

and hematomas provide ideal conditions for growth: protection from phagocytes

and humoral antibodies, depletion of oxygen and enhanced growth of microaero-

philic and anaerobic microorganisms. When the penetrating wound enters the

gastrointestinal tract, urinary tract, or respiratory tract, there is the

serious complication of contamination by microorganisms resident in the host.
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INTRAABDOMINAL INJURY

Secondary peritonitis and intraabdominal abscesses can be due to

penetrating wounds. The infection is due to the entry of enteric micro-

organisms into the peritoneal cavity through a defect in the wall of the

intestines or other viscus. The peritonitis following the rupture of a viscus

is usually a synergistic infection. The specific microorganisms involved in

peritonitis are generally those of the normal flora of the gastrointestinal
12

tract where anaerobic bacteria outnumber aerobes in the ratio 1:1,000. The

presence of mixed aerobic and anaerobic flora in the peritoneal cavity was

demonstrated in patients with ruptured viscus, 13 and these organisms were also
14

recovered from the postoperative wound.14

Peritonitis is an excellent example of a synergistic infection between

aerobic and anaerobic microrganisms. The two types of bacteria have opposite

oxygen requirements, and the alteration that each causes in its environment as

it grows permits the rapid proliferation of their partners.1 0  The principal

anaerobic pathogens are B. fragilis, Clostridium sp., and anaerobic

Gram-positive cocci. Coliforms and facultative streptococci were frequent

cohabitors.

BURN INFECTIONS

The most serious and common complication of burns is infection. A

third-degree burn is more likely to be associated with severe infection than is

a partial-thickness burn. Infection may be localized to the site of the burn

or may be manifested as an overwhelming general sepsis. Burn wound sepsis is a
15

major cause of death among burn patients. Sepsis is characterized by

progressive bacterial proliferation within the burned tissue, invasion into
16

adjacent tissue, and systemic dissemination.

Microorganisms usually gain access to burns directly from the skin. Soon

after a burn injury, surface cultures may reveal multiple organisms. Vithin 3

to 5 days, the wound will become colcnized by one or two specific oroanisms

that have survived tr co ptition with other r;icrooroanisms, or have proven
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particularly resistant to burn wound therapy. The burn victim's diminished

humoral and cellular defense systems make him more susceptible to infection.

Deficiencies in the inflammatory response include diminished chemotaxis;

diminished ability of the neutrophils to phagocytose and thereby kill offending

bacteria; and a decrease in opsonin and antibody, which renders the bacteria

susceptible to phagocytosis.

Streptococci were the principal burn pathogens in the past; currently S.

aureus is much more commonly encountered. Gram-negative bacilli, especially P.

aeruginosa, and fungi are also detected as the predominant pathogens in burn

wounds. Anaerobes belonging to the Bacteroides and Fusoba.cterium sp. can be

found in burns in the oral and anal areas. 1

INFECTIONS FOLLOWING IRRAFHATION

The severe hematological and gastrointestinal injurycaused hy irradiation

makes the affected individual more susceptible to exogenous infections and to

septicemia due to spread of his own inc genous flora. Most of the data in this

field were obtained from studies done in animal models. However, much can be

learned from the susceptibility to infections of individuals inumunosuppressed

by other means.

The predominant organisms causing sepsis following irradiation are E. coli,

Proteus sp., P. aeruginosa, Enterococci, and S. 1ureus.4  Anaerobic bacteria

such as anaerobic Gram-positive cocci and B. fragilis are also recovered from

irradiated animals. The infections that develop in irradiated animals are

generally polymicrobial due to mixed aerobic and/or anaerobic bacteria.
3'4

BACTERIAL SYNERGISM

Polymicrobic infections are more pathogenic for experimental animals than

are those involving sinale organisms.18  The potential importance of synergy

such as this was first emphasized by Altemeier who noted a direct correlation

between peritonitis mortality rates and the number of bacterial; species
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cultivated from the peritoneal fluid.19  Support for this thesis was provided

by showing that intraperitoneal challenge with the isolates in pure culture was

generally well tolerated by animals, but combinations of the various isolates
20produced rapid lethality. A similar cservation was noted by Meleney, who

studied synergism between E. coli, C. perfringens, and a nonhemolytic

streptococcus. 21

McDonald et al. studied synergistic interaction between aerobes and

anaerobes, and found that B. melaninogenicus was indispensable in producing

abscesses following subcutaneous injections into animals.22 However, it was

necessary to include another microbe in the inoculum to provide a source of

vitamin KI, which is a growth requirement for B. melaninogenicus.23  A similar

mechanism of synergy is seen with foot rot in sheep, in which Fusobacterium

necrophorum is the invading microbe, but its reouired growth factors are
24supplied by the concurrent presence of Corynebacterium. This synergistic

interaction is somewhat more complicated because F. necrophnrum also protects

its nutrient supply with the production of a leukocidin that prevents

phagocytosis of the Corynebacterium.

Another mechanism of synergy was described by Meleney in his classical
25studies of synergistic bacterial gangrene. He found that cultures from the

central bed of the ulcer yielded S. aureus and a microaerophilic streptococcus,

but cultures from the advancing edge of inflammation showed only the latter

organism. This lesion could be reproduced in experimental animals only with an

inoculum composed of both bacteria. Subsequent work indicated that the role of

the S. aureus was to produce hyalurcnidase, which promoted the invasive

potential of the microaerophilic streptococcus. 
26

In recent studies we have demonstrated the ability of "helper" organisms,

generally recovered mixed with anaerobes, to induce capsule formation in
27

unencapsulated 9acteroides sp. These Bacteroides sp. included strains of B.

melarinoericus ard fracilis groups, B. oralis, and B. ruminocolia %sp. brevis.

The previously rcn-encapsu'ated Bacteroides species were rnr-pathogenic in

vivc, and did rot cause abscesses following their iroculatinn into animals.

However, followinc their co-inoculatirn with abscess-fnrrino oraanisms, they
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acquired capsular material, and were thereafter able to cause abscesses by

themselves. This phenomonon can be due to various yet-undetermined mechanisms.

One could be due to in vivo transfer to DNA from encapsulated to

unencapsultated organisms. An alternate explanation is that the presence of

capsular material from the "helper" organism was sufficient to prevent

phagocytosis of the organisms and permit the selection of encapsulated

organisms. It is postulated that a selection process was the mechanism

responsible for the phenomenon, due to the presence of a few encapsulated

organisms in populations of the initially non-encapsulated strains. Selection

in vivo of encapsulated Bacteroides sp., with the assistance of other

encapsulated, or non-encapsulated but abscess-forming aerobic and anaerobic

organisms, may explain the apparent conversion into pathogens of non-pathogenic

organisms that are part of normal host flora. This phenomenon could contribute

to the ability of B. fragilis (which constitutes only about 0.5% of the normal

fecal flora) to become a pathogen present in 70% to 80% of intra-abdominal

infections.

In other studies (unpublished data), we found synergy between anaerobic

Gram-positive cocci and Bacteroides sp. or Pseudomonas aeruginosa. The number

of bacteria required to cause lethality or abscess formation was reduced by

15-fold or more when a combination of microbes was used rather than single

strains alone.

The experimental data presented demonstrate the important role of

facultative bacteria in mixed aerobic and anaerobic infection. The mechanisms

of their influence on the infectious process may include the promotion of an

appropriate environment for anaerobic growth, the production of necessary

nutrients, the production of extracellular er,zymes to promote tissue invasion

by the anaerobe, and assistance in selection of encapsulated strains.

MANAGEMENT OF INFECTIONS FOLLOWING TRAUMA AND IRRADIATION

The strategy for therapy of post-trauma infections includes surgical

drainage of pus, debridement of any necrotic tissue, and appropriate use of

antibiotics. Certain types of adjunctive therapy, such as hyperbaric oxygen,

may also be useful.
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Surgery may be the only therapy required in some cases, such as localized

abscesses or decubitus ulcers without signs of systemic involvement. However,

antibiotics are indica'.ed in the majority of patients whenever systemic mani-

festations of infectin are present or when suppuration either extends or

threatens to spread into surrounding tissue. In many infections, antimicrobial

therapy alone is sufficient; in others, it is an important adjunct to the

surgical approach.

Selection of antimicrobial agents is simplified when results of culture

from a reliable specimen are available. This is seldom the case, however, in

infections involving anaerobes, and many patients are. treated empirically on

the basis of suspected rather than established pathogens. Fortunately, the

types of bacteria involved in many infections and their antimicrobial suscepti-

bility patterns tend to be predictable. However, some bacteria have become

resistant to -ntimicrobial agents, and many can become resistant while a~28
* patient is receiving therapy. Other factors may also influence the choice of

antimicrobial therapy, e.g., pharmacologic characteristics of the various

drugs, their toxicity, their effect on the normal flora, and bactericidal

activity. 8

ANTIMICROBIAL AENTS

Since anaerobic bacteria mixed with aerobic organisms are generally

recovered in many infections, the selection of proper therapy may become

complicated. The choice of the appropriate antimicrobial aae-,ts, therefore,

should provide adequate coverage for most of the pathogens reccvered. Table I

summarizes the antimicrobial aqerts effective against most organisms present in

mixed infections.

PENICILLIN. This antibiotic is effective against aerobic streptococci and

most anaerobic species except those that produce beta-lactamase, which are

generally susceptible to penicillin 8. fraqilis is resistant to penicillin 28

resistance to penicillin is also appearing in growing numbers of uther

Bacteroides species (e.g., 8. melaninoqenicus and B. oralis) as well as strains

of Clostridium, Fusobacterium, and micrcaerophilic streptococci.
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I

Methicillin, nafcillin, and the isoxazolyl penicillins (oxacillin, cloxacillir,

and dicloxacillin) have excellent activity against S. aureus but have

unpredictable activity against anaerobes and are frequently inferior to

penicillin G.8

Anaerobic bacteria Aerobic bacteria

Artimicrobia'l B. fragilis gr. Other anaerobes Gram-positive Enteric

Agent cocci

Penicillina poor excellent good poor

Chloramphenicol a  excellent excellent good variable

Cepholothin* poor good good poor

Cefoxitinb* excellent excellent good good

Moxalactamc excellent excellent good good

Clindamicin* excellent excellent very good poor

Carbenicill-in-

ticarcillind good excellent good very good

Metronidazolee excellent excellent poor poor

* = does not penetrate the central nervous system

a Poor for S. aureus

bPot effective against P, apruqinosa, Fnterobacter sp., S. faecalis
c Not effective against enterococci , some strains of B. fragilis,

P. aeruyinosa
Some centerz have reported increased rnsistance; no activity against

S. aurpus or K. pneumniae.
P n prnbic Grir-positive bacilli may hr resistant.

C/PRBENICTIIN APO D TTCAPCf 1 1. T!'.o penicillin derivativo, avn (;or(

in vitro 3rtivity against ost tra4- of B. fraqilis as wrl! ae other

ppeicillin- ersitiv- Araprobpe a,. P..leru.
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CEPHALOSPORINS. The antimicrobial spectrum of first - generation

cephalosporins against anaerobes is similar to that of penicillin G, although

they dre less active per unit weight. Most strains of B. fragilis and many

of B. melaninogenicus are resistant by virtue of cephalosporinase

production '28 . Cefoxitin, a second-generation cephalosporin, is' relatively .

resistant to this enzyme and is therefore effective against B. fragills. The

third-generation cephalosporins have a broad spectrum of activity against

enteric Gram-negative bacilli and most strains of B. fragilis.28

CHLCRAMPHENICOL. This drug is very active against anaerobes and many

Gram-negative enteric organisms. 828 It is the drug of choice for treatment of

anaerobic infections of the central nervous system.

CLINDAMYCIN. Clindamycin has a broad rnge of activ:ty against anaerobic

organisms, including B.. fragilis, and is effective against S. aureus and

streptococci. The primary manifestation of toxicity with clindamycin is

colitis. It should be kept' in mind that colitis has been associated with a

number of other antimicrobial agents, such as ampicillin and many

cephalosporins.

METRONIDAZOLE. This antibiotic has excellett in vitro activity against

most obligate anaerobes, including B. fragilis.2 8  Aerobic and faculative

anaerobes, such as coliforms, are usually highly resistant.

AMINOGLYCOSIDES. This group of agents (gentamicin, amikacin tobramicin)

are very ef~ective against Gram-negative enteric aerobic bacteria, and they

possess some activity against S. aureus,. However, they are inactive against

anaerobic bacteria. They manifest synergistic activity with penitillins

against S. aureus, Group B streptococci, Listeria mcnocytoaenes, 29 and S.

melani noaenicus.

CLAVULA/NIC ACID. Clavulanic acid is a bpta-lactamase inhibitor that

reserbles the nucleus of penicillin. Tt irreversibly inhibits bpta-lactamase

enzymes produced by some entnrobacteriacpae, staphylococci,31 and Pacternides

species. 32  Clavulanic acid and other heta-lactamise inhibitors have very weak
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antibacterial activity alone, but when used in conjunction with a beta-lactam .

antibiotic, they are effective in treating infections caused by beta lactamase-

producing bacteria. Its usefulness in the chemotherapy of human infections is

currently being evaluated.

SYNERGISTIC ANTIMICROBIAL COMBINATIONS

Combinations of antibiotics are continually being studied in attempts to

discover more effective therapy for serious infections. Combined therapy might

delay the emergence of antimicrobial resistance, provide broad-spectrum

coverage for infections of unknown or mixed etiology, or generate a greater

antibacterial effect against specific pathogens than is achievable with a

single drug. The improved killing of the offending anaerobic organisms, as

* expressed by effective bactericidal activity, is especially important in the

treatment of endocarditis, bacteremia, and closed-space infections, such as

brain or lung abscesses that cannot be surgically drained.

Combination therapy should not be used indiscriminately, for two reasons.

First, the risks of adverse reactions are increased when multiple drugs are

administered. Second, combination therapy is sometimes less effective than a

single drug against j specific pathogen.
29

Synergistic interaction between aminoglycosides and penicillins against

aerobic organisms has been observed. This combination is effective in the

treatment of enterocoCcal and staphylococcal diseases. It is postulated that

the penicillin, which inhibits bacterial cell wall synthesis, erhances the

penetration of aminoglycosides, which have a lethal effect or the ribosomes.

B. fraoilis, a strict anaerobe, is resistant to arinoglycosides, because these

agents are poorly transported into facultatively anaerobic bacteria under
33 34anaerobic conditions. However, a rpcent study demonstrated that the

ribosomes of the strictly anaerobic bacteria C. perfrinqpns and B. fraqilis are

suscpptiblp to the action of str-ptomycin ard gentanicin. The susceptibility

of ',he Bacteroides ribosome t) ariinoqlycosiides, combined with the ability of
penirillin to alter the orqanisms' mprbranes, sucoests a possible explanation

"or the recpntly ' bserved synprgistic crnhinatinn between the agentls aqainst R.

melanino'enicus.29
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BETA-LACTAIASE PRODUCTION

Many aerobic and anaerobic microorganisms, including B. fragilis, produce

beta-lactamase, which enables them to resist penicillin. Until recently,

most B. melaninogenicus and B. oralis strains were considered susceptible to

penicillin. However, within the past decade, penicillin-resistant strains have

been reported with increasing frequency.
35

The appearance of pencillin resistance among Bacteroides sp. has important

implications for chemotherapy. These organisms may release beta-lactamase into

the environment, thus degrading penicillin and protecting not only themselves

but also other penicillin-sensitive pathogens. Therefore, penicillin therapy

directed against a susceptible pathogen might be rendered ineffective by the

presence of a penicillinase-producing organism.

Several studies demonstrate the activity of this enzyme in clinical

infections. Louvois and Hurley demonstrated the degradation of penicillin,

ampicillin, and cephaloridine by purulent exudates obtained from four of 22

patients with abscesses.36  Beta-lactamase activity has also been found in

empyema fluid 37 and in samples of pus obtained from 12 patients with
38

polymicrobial intra-abdominal abscesses or polymicrobial empyema.

The importance of beta-lactamase production in anaerobic infections was

demonstrated by Hackman and Wilkins,39 who were able to show that penicillin-

resistant strains of B. fragilis, B. menaninogenicus, and B. oralis could

protect F. necrophorum from penicillin therapy in mice. O'Keefe et al. 40

demonstrated inactivation of penicillin-G in an experimental B. fragilis

infection model in the rabbit peritoneum.

We have recently demonstrated the ability of beta lactamase-producing B.

fragilis and B. melaninoenicus to protect group A beta-hemolytic streptococci

from penicillin in mice.4 1  We also observed that the beta-lactamase produced

by aerobic organisms (such as K. pneumoniae or S. aureus) had a protective

effect on penicillin-susceptible B. melaninogenicus. Penicillin was ineffective
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in eradicating the penicillin-susceptible anaerobe in the presence of the

aercbic beta-lactamase producer; however, the combination of clavulanic acid

and pencillin was effective.

The results of all of these studies raise questions concerning the

efficacy of beta-lactamase-susceptible antibiotics against beta-lactamase-

producing aerobic ard anaerobic bacteria. In seriously ill patients with

mixed infections vhere beta-lactamase-producing bacteria are present,

administering antibiotics that are effective against these beta-lactamase

producers should be considered. The recent development of potent enzyme 0

Inhibitors, such as clavulanic acid, may facilitate a new approach to this

problem.

IMPORTANCE OF THERAPY OF ALL COMPONERTS OF MIXED INFECTION

The necessity for treating all components of mixed infectiorus has now been

adequately documented in both experimental and clinical studies. The

importance of synergistic antimicrobial therapy that will be effective against

both aerobic and anaerobic bacteria present in a mixed infection was

demonstrated in animal models for treatment of intra-abdominal infection.

Peritonitis was induced in rats by introducing gelatin capsules containing

cecal contents into their abdominal cavities. Te animals that survived the

initial septicemic stage caused by coliforms developed intra-abdominal

abscesses caused by anaerobes. An evaluation of the effect of therapy with

clindamycin, gentamicin, or a combination of both was done. It was shown

that the untrcated control group and the clindamycin-treated group had

identical mortality rates of about 35% due to F. coli sepsis. However,

administration of gentamicin alone or in combination with clindamycin led to

greater than 90% survival. The data suggest that the early mortality in the

peritonitis and septicemic phase is attribut.thle to gentamicin-sensitive

coliform bacteria. The effect of this treatment on abscess formation was

entirely different. kAll untreated anitrals that survived developed abscesses

due to B. fragilis, as did those treated with gentanicin alone. H1owever, the

use of clindanycin alone or in corb-ination with aentamicin was associated with

a greatly reduced incidence of abscesses from 100' to only 5%. These findings
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indicate that anaerobes may be responsible for complications following

abdominal perforation, such as intra-abdominal abscess formation, and show that

optimal treatment of intestinal perforation requires a drug to control both

aerobic and anaerobic bacteria.

Clinical work also supports these animal data. Thadepalli et al. 43

treated 100 patients with a perforated small or large intestine. Two regimens

were used. Fifty-two patients received a cephalosporin-kanamycin combination

and 48 received clindamycin plus kanamycin. Since both groups were provided

with kanamycin activity against coliforms, the point of comparison was between

cephalothin (poor antianaerobic activity) versus clindamycin (excellent

antianaerobic activity). In the cephalothin group, 14 patients developed

abscess, wound infection, or septicemia, compared with only 5 patients in the

clindamycin group. Anaerobes, morecter, were involved in 11 episodes of septic

complications in the patients receiving cephalothin but in only 1 episode in

those receiving clindamycin. Many other studies have shown similar results.

These studies demonstrate the need for directing therapy at the anaerobic

component of mixed infections, in addition to the aerobic component, for

optimal therapeutic results.
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DISCUSSION PERIOD WITh DR. BROOK

DR. VAN DER WAAIJ: Do you have an explanation for the transfer of

the genetic information from perhaps the E. coli to the B. fragilis concerning

the formation of capsule? Was it capsule conjugation or transformation?

DR. BROOK: We believe that it is a selection process. However, we

don't have a complete explanation. We did find that some organisms among the

groups that we called the non-encapsulated, in the early stages, before we

injected them for the first time in mice, did have a capsule. There probably

was a selection process for encapsulated bacteria in the animal.

If we did interrupt the experiment within less than 7 to 10 days, we

couldn't find many encapsulated organisms. So it was not a phenomenon of all

or none; it was a selection for a population that was encapsulated from the

beginning.
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iNTRODUCTION

In combined injuries, as with all other types of severe trauma, sepsis

will undoubtedly prove to be the major cause of fatalities among those

patients who have survived initial resuscitation. Improved techniques in the

management of major trauma have led to substantial reduction in certain types

of post-traumatic sepsis. The almost unbelievably high rates of gas gangrene

observed during World War I casualties were so effectively controlled by

adequate extensive debridement, cleanino of wounds, And other measures that

this hideous complication became much less freauent, during susbequent

conflagrations. Experiences in Vietnam and the Israeli-Arab conflicts,

however, demonstrated that other types of sepsis still remain one of the

primary causes of death for persons who would otherwise survive their

injuries. It is almost certain that the immunosuppressive effects of

irradiation, coupled with major traumatic injuries, will result in infections

of a magnitude and rate surpassing any previously observed. This potential

situation might best be appreciated by imagininq a combination of the

infectious problems seen in patients with extensive thermal injuries combined

with those observed in patients with leukemia or other neoplasms receiviig

intensive chemotherapy.
I

Gram-neqative bacilli have become the predominant etioloqic aqents of

post-traumatic and nosocomial infections over the past 3 decades, and there is

no evidence that the orevalence of tliese infections is abatina.1,2 Experiment

indicates that the continuina introduction of new antimicrobials or attempts

at various control measures has not had a major imoact on the prevalence or

the excessive fatality rates of such infections. In actuality, newly

introduced antibiotics have only extended the snectrum of activity to Gram-

negative bacilli resistant to currently available antibiotic. rather than
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providing enhanced effectiveness against susceptible organisms.3 This S

sugqests that introduction of additional new agents will not have a major - "

impact on Gram-negative bacillary infections and that improved therapy is

dependent on new approaches such as immunotherapy as studied by us4'5 and Dr.

Braude's g-oup, '7 (described by Dr. Braude in a subseauent presentation), *
and the development of more effective management of complications that are

important contributors to the outcome of such infections.

S M

Although shock may accompany a variety of infections, it appears to be

uniquely associated with bacteremia caused by Gram-neqative bacilli with

regard to both its frequency and its importance as a crucial de'-2rminant of

lethality. Clinical studies of ours of approximately 800 patients with Gram-

negative bacteremia and those from other centers have indicated that shock

occurs in approximately 40 percent of patients and that the species of

etiologic agent, includino both aerobes and anaerobes, does not influence its

frequency.8'9 The importance of shock as a determinant of lethality in Gram- --

negative bacteremia is illustrated in Table 1. Since earlier studies have

demonstrated that the severity of the host's underlying disease is a major

determinant of the outcome of bacteremia, 8 '9 comparisons of fatality rates in

bacteremia with 'nd without shock are made among groups of patients stratified

by severity of underlying host disease in that Table. Bacteremia complicated

by the development of shock was several-fold more lethal than bacteremia not

complicated by shock in each category of underlying host disease and, overall,

bacteremic shock was associated with a seven-fold increase in fatality over

that of bacteremia without shock. These and other observations clearly

document the excess mortality when bacteremia is complicated by the

development of shock. Other studies have demonstrated that early appropriate

antibiotic therapy both decreases the frequency of development of shock and

imp-oves survival after its occurrence. 9  They have also indicated that

passively administered antibody to some shared antigens of Gram-negative

bacilli improve survival, 7 but the fatality rates in bacteremic shock still

remain unacceptably high.10 The continued high fatality rates of shock in

Gram-negative bacteremia clearly emphasize the necessity for more complete
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delineation of the basic mechanisms involved in the Dathogenesis of bacteremic

shock as a necessary precursor to the development of more effective

therapeutic measures.

TABLE 1. FATALITY RATES IN GRAM-NEGATIVE

BACTEREMIA WITH AND WITHOUT S'.CX

Underlying Host Disease Fatality Rates

Rapidly Fatal
Shock 14/22 (64%)*
No Shock 3/21 (14%)

Ultimately Fatal
Shock 79/150 (52%)
No Shock 17/157 (11%)

Non-fatal
Shock 34/97 (35%)
No Shock 5/165 (3%)

All
Shock 127/269 (47%)
No Shock 25/343 (7%)

* Number of fatalities/number with bacteremia (percent fatal)

Despite the clinical importance of shock associated with Gram-regative

bacteremia in man and the extensive investigation, serious defects still exist

in our understanding of basic pathophysiologic mechanisms involved in its

development. This partially reflects the tendency to assume similar

pathophysiologic alterations in shock associated with infections at various

sites and caused by different etiologic agents. This tendency becomes readily

apparent when one observes the almost constant use of terms such as "septic

shock" of "endotoxic shock" to describe any patient with hypotension and fever

or, less frequently, hypothermia, irrespective of their causes. It is clear

that a variety of Pathophysiologic changes (listed in Table 2) are involved in

the development of shock that accompanies different types of infections caused

by various etiologic agents. Even in shock associated with bacteremia caused

by different types of bacteria, significant differences in clinical features

and hemodynamic alterations can be identified. Although shock may occur
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during bacteremia caused by almost any bacterial species, its relatively high

frequency and appearance within the first few hours after the onset of

bacteremia with Gram-negative bacteria, in contrast to a lesser frequency and

its occurrence as a late, almost agonal event in Gram-neqative bacteremia, is

typical of the two types.

TABLE 2. SHOC( ASSOCIATED WITH INFECTION

ETIOLOGY AND PATHOGENESIS

PRIMARY PUMP FAILURE (CARDIOGENIC)

1. Viral enteroviruses (Coxsacki, Echo)
2. Bacterial myocarditis (diphtheria, Leptospira, SBE)
3. Parasitic Toxoplasma, Trichinella

VALVULAR INSUFFICIENCY --

Acute and subacute bacterial endocarditis

FAILURE OF MYOCARDIAL FILLING

Pericardial effusion -

:NADEOUATE INTRAVASCULAR VOLUME

1. Extracellular fluid loss or sequestration

a. Diarrheal disease (cholera, shioellosis,
salmonellosis, toxiqenic E. coll, etc.) - -

b. Pancreatici:--
c. Periotonitis

2. Increased vascular permeability

a. Rickettsial diseases (RMSF, typhus, etc.)
b. Viral hemorrhagic fevers

PAILURE OF VENOUS RETURN

1. Gram-negative bacteremia
2. Candidemia

HYPOXEMIA

1. Pneumonia - bacterial and viral
2. Profound intravascular hemolysis (clostridial seosis)

322



Early reports of hemodynamic measurements in *septic shock" also

described disparate and often conflicting results. Subsequently, more careful

studies demonstrated that these variable hemodynamic alterations were

attributable to studies of heteroaeneous patient populations. Many of the

patients had underlying diseases which in themselves resulted in hemodynamic

alterations, some of the bacteremias were caused by different classes' of

etiologic agents, and some measurements were carried out at different stages

of shock. The careful prospective studies by Gunnar's group and other

*investigations have demonstrated distinctly different patterns of hemodynamic

changes during the early and late phases of shock and between shock caused by

Gram-negative and Gram-oositive organisms.11-13  These studies demonstrated

that the early hemodytiamic chances during shock assoicated with Gram-negative

bacteremia consisted of (a) marked diminution in systemic resistance, (b)

* increased or, less often, decreased or normal cardiac output (inadequate to

compensate for the decreasE in peripheral resistance), (c) increased to normal

sLroke volume, and (d) hyperventilation. As shock progressed, perioheral

vasoconstriction appeared, cardiac output diminished, and lactate accumulation

became prominent. In contrast, only minimal and variable changes in systemic

resistance and cardiac output were found early in the course of shock caused

by Gram-negative organisms.11-13 Delineation of the sequence of

pathophys 4oloaic alterations in the course of shock caused by Gram-negative

bacilli and differences in the hemodynamic alterations in shock caused by

Gram-positive organismns offers the possibility of developing more rational and

effective clinical treatment of bacteremia shock.

"EFFECTORS" AND "MEDIATORS" OF HEMOOYNAMIC CHANGES IN BACTEREMIC SHOtX

A number of recent scientific advances offer considerable potentidl for

the development of newer, more effective modalities for the treatment of shock

associated with Gram-negative bacteremia. There has been a literal .xolosion

in the development of numerous specific antagonists, receptor blockers, or

agents that inhibit the release of various vasnactive materials over the past

decade. Such agents could offer considerable promise as effective therapeutic

modalities in the treatment of shock. Before this approach can be successful,

however, identification of the material(s) that induces the oathoohysiolooic
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changes and those endogenous substances that mediate the crucial hemodynamic

alterations in "septic" shock is an essential prerequisite for the development

of specific therapy of this type. Indeed, the precise identification of

crucial "effectors" and "mediators" may be more of a problem than development

of specific inhibitors or antagonists. This problem is largely the result of

a vast, array of studies that propose .uch an extensive variety of p tential

effectors and mediators as to preclude sifting through the "chaff" to identify

the few "germs" that can be unequivocabiy shown to be relevant to the crucial

pathophysiologic changes in human bacteremia.

To this reviewer, one of the major reasons for our confusion over the

role of various effectors and mediators has been the assumption that "bolus"

injection of endotoxin or addition of endotoxin to "in vitro" systems

faithfully reproduces the chanoes that occur during Gram-negative bacteremia

in man. There is no question that administration of purified endotoxin to

both man and experimental animals produces many of the effects seen in human

Gram-negative bacteremia: fever, shock, lethality, and activation of the

complement-fibrfnolytic-coagulation-kinin synthesis. In addition, endotoxin

Induced an almost unlimited number of changes in an extensive variety of "in

vitro" and "in vivo" biologic systems. 14  The fact that many of the changes

induced in "in vitro" systems require concentrations of endotoxin considerably

in excess of those required for lethality in the intact animal has not

hindered claims of their relevance of such flndinqs to human infections.

These observations have led to the widespread belief that endotoxin shed by

Gram-neoative bacilli during infection is solely resoonsible for the clinical

manifestations observed during Gram-negative bacillary infections. 15  In

contrast, a number of other carefully performed studies cast noubt on the
paramount importance of endotoxin, dissociated from the bacterial cell wall,

as the sole effector of events in clinical infections. Doubt is cast rn the

crucial role of "free", circulating endotoxin in infe.-Jon by stidie , of

endotoxin effects in experimental human typhoid and tularemia, 16

investiqations in a goat hemooerfusion model, the similarity of lethal Gram-

negative 1 7  infections in mice whose susceptibility to endotoxin varied

5000-fold, I  ard lack of correlation of the oresencp or levels of circulatinq

endotoxin (assayed by various techniques) with manifestations (fpver, shock,
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and death) in clinical infections attributed to endotoxin.' 21  Overall,

these findings suggest that any role of endotoxin in producing the

manifestations of Gram-negative bacteremia is more complex than a simple

* quantitUtive response-to endotoxin released from viable bacteria.

* If there is uncertainty regarding the exact nature of the primary

* stimulus for the pathophysiologic alterations in Gram.negative bacteremia, the

exact role of the extensive number of endogenous mediators that have been

proposed to have important Pathogenetic effects is even more obscure. Table 3

lists a number of endoqenous Products that have been proposed at various times

as important mediators of critical pathophysiological changes in bacteremia.

*Among these proposed mediators, the role of endoqenous pyrogen has been

delineated most clearly.22  It is produced by mononuclear phagocytes and is

believed to be identical with or extremely similar to Interleukin I and
Leukocyte Endogenous Mediator (LEM), in the production of fever during

infection. Other biologic effects attributed to LEM are less clearly

delineated in sepsis. 23  The postulated inmortance of most of the other
significant mediators in the development of shock has primarily resulted from

the demonstration of increased concentrations of the postulated mediator

following injection of endotoxin rather than the documentation of changes in

concentration during human infections. In addition, many of the studies of

these mediators have failed to sequentially evaluate the chanoes in the

concentration of these mediators in relation to the pathophysioloqic

alteration that they putatively induce. Additional difficulties arise in

distinguishing (a) the changes in mediators that initiate pathoqenetic

mechanisms from (b) the changes that reflect the host's response to injury.

Among these postulated mediators, interrelated activation of the

coagulation, fibrinolytic, comolement, and kinin systems Is best documented to

occur in shock associated with Gram-neqative bacteremia. These studies have

demonstrated that such activation orecedes the develooment of shock and that

the magnitu~e of these chanoes parallels the severity of bacteremia. 24,25

This, coupled with the freauent occurrence of intravascular coaqulation and
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fibrinolysis as well as the similarity of the hemodynamic changes induced by

bradykinin with those early in the course of. Gram-negative bacteremia shock,

suggests their pathophysiologic significance in clinical disease.

TABLE 3. PROPOSED MEDIATORS OF THE S
PATHOPHYSIOLOGIC EVENTS IN BACTEREMIA

Endogenous pyrogen (leukocyte endogenous mediator Interleukin I)
Catecholamines (epirephrine-norepineohrine)
Serotonin
Histamine
Acetylcholine
Glucocorticoids
Kinins
Complement components (anaphylotoxins)
Coaqulation components
Endorphins
Prostaglandins
Lysosomal components
Slow reacting substance
Macrophage and lymphocyte products
Myocardial depressant factor

I
Endogenous opiates (endorphins) and various Drostaqlandins like compounds

have become fashionable as putatively important mediators of septic shock.

Administration of endotoxin has been shown to induce increased serum levels of

endorphins prior to the development of shock. 26  Subsequent uncontrolled

Q clinical studies reported improvement in blood pressure levels in patients

with shock secondary to bacteremia after the administration of the opiate
inhibitor naloxone. 27  Reqrettably, blinded, randomized studies of

approximately 40 episodes of septic shock by our qroup and our surgical

colleagues failed to demonstrate any significant increase in blood pressure
levels in patients treated with naloxone in comparison to those receivinq

28
placebo. Similarly, endotoxin administration has been demonstrated to
induce the release of prostaqlandins or similar compounds, and the

prostaqlandin or thromboxane synthesis inhibitors indomethacin and ibuorofen
have been shown to Prevent or ameliorate endotoxin-induced hvpotension.2 9

Elevated levels of PGF 2 and thromboxanp have also been demonstrated in

patients dyinq of sesis.30 Further delineation of the role of this class of

mediators is not available, and the uncertainty relating to their actual role
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in the pathogenesis of bacteremic shock can be summarized by one author's

statement that "Prostaglandins have been suggested as both etiologic and

therapeutic agents in endotoxin shock."
31

Thus, despite years of intensive investigation and accumulation of a vast

volume of investigative information, we are left with an extensive list of

potential "effectors" and "mediators" of the pathophysiologic changes in
septic shock, but we are still in doubt concerning those that are of crucial

importance in determining lethality and those that merely represent "epi" or

"paraphenomena." The increasing availability of specific inhibitors or
antagonists offers considerable promise for improved therapy in septic shock
if it could be determined with reasonable certainty exactly what should be
inhibited or antagonized. It seems likely that this will not be achieved

until we alter our research endeavors to focus on the ultimate model of human
infections, that of infections in man, or on other models of infection, rather

than focusing on results observed after endotoxin challenge.

DISCUSSION

,This limited review is intended solely as an overview of a clinician's

perspective of the applicability of the extensive investigative efforts on
septic shock to the care of patients with Gram-negative bacteremia and shock.
It is not intended as criticism of various investigations or investigators,
but is specifically intended to emphasize the vast number of invitro' 1 -

studies and our continuing lack of definitive information concerning the basic
mechanisms responsible for the development and course of shock. As one who
has watched the "'ebb and flow" of popularity concerning the importance of a

variety of postulated effectors and mediators, it is disappointing to this

clinician that, to date, none have resulted in new therapies clearly shown to
significantly improve survival rates in patients with septic shock. As stated

earlier, it seems clear that newer antimicrobial agents will probably not

further increase the salvage rates in those with seotic shock and that further
improvement will depend on improved methods of management of crucial
hemodynamic derangements. ,The primary purpose of this review is to urge

greater attention to the intact whole patient and less focus on "in vitro "

phenomenology, unless this is clearly established to have clinical relevance.
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DISCUSSION PERIOD WITH DR. McCABE

OP. BRAUDE: Dr. McCabe and I have been arguing about, the importance

of endotoxin and shock associated with Gram-negative bacteremia for about

25-years. I do wart to respond to a couple of the points that he made ir his

lecture' to indicate that there is still a good reason to believe, I think, that

j endotoxin plays an important role.

Dr. Gerhardt's experiments on the surface would seem to be very appealing as

evidence against the importance of circulating endotoxin in Gram-negative

bacteremic shock. I have always interpreted these differently. I thought that

they confirmed our studies, which showed that circulating endotoxin was

degraded in size to the point where it could pass through membrane filters,

molecular weight range was consistent with postulated sizes retaining activity.

We also did the same thing with dodecylsulfate. Dodecylsulfate, can

reduce the particle size of LPS without affecting it's toxicity. That particle

size would pass through membrane filters.

The most striking clinical evidence, for the importance of endotoxin,

are conditions of bacteremia. Eacteria with endotoxin on their surface are

circulating through the body fluids.
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I don't think :t is necessary to postulate that endotoxin is shed

from the bacteria, as you suggested. When you inject dead Gram-

negative bacteria into the circulation, or when you kill bacteria with

antibiotics, these orcanisms are circulating and continue to be extremely

toxic.

One of the best examples of this is contaminated blood transfusion

reactions with cold-growing bacteria that can't multiply in the blood.

Endotoxin on organisms can throw people into the worst kind of transfusion

reactions, fatal reactions with classical shock identical to that which we see

in Gram-negative septicemias.

I think that the striking association between the occurrence of shock

and Gram-negative organisms in the blood is strong circumstantial evidence in

favor of endotoxin on the organism as being important.

With regard to the BCG studies, I thought that one point that was

overlooked in the BCG studies is that BCG increases sensitization tu free LPS.

No studies have been done to show that BCG increases susceptibility to killed

Gram-negative bacteria containing endotoxins on their surface. I don't think

it does based on observations made in our laboratory. Clearance of circulating

free endotoxin is affected in BCG mice, but I don't think that clearance of

bacteria is.

So I think that there are a number of reasons to believe that under

some circumstances we can make a case against endotcxin, as Dr. McCabe has

done. But under other' circumstances, particularly when you are dealing only

with the concept of endotoxin on the surface of the organism that is

circulating, it is pretty hard to exclude it as a factor in the development of

shock.

DR. McCABE: I would certainly agree with your first point, that we

have discussed this for some 20 odd years.

331



Pegarding your point about the Quarrels and Gerhardt study, we have • 4
tried to dissociate LPS and maintain it in a molecular size aggregate. of less

than 100,000. At that size, however, we haven't been able to show toxicity.

I think your point about whole bacteria is really the point I am

tryino to make. I don't doubt that endotoxin contained-in whole bacteria may

play a role.

The reason I make this point is that there has been a tremendous

tendency to equate Gram-negative bacteremia with diphtheria as a toxin produced

disease. Yet, the one thing we clearly can show is we can reduce lethality by

killing the bacteria with antibiotics.

So please don't misunderstand me. I think that intact bacteria with

LPS on it, indeed, is true. Whole bacteria are much more effective in

activation of complement than the equivalent amount of LPS released from them..

Bacteroides fragilis has an LPS that isn't biologically active ard, at least,

in our Gram-negative bacteremias it is associated with the frequency of shock

comparable to that of E. coli.

We really both make the same point, that the bacteria are critical to

the 'pathophysiology of the individual and that it is important to recognize

that, rather than individual components. Also, we get into a bit of trouble

when we extrapolate from animal models to man because there is, so much

difference.
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COLONIZATION ABNORMALITIES AS A MAJOR .

CAUSE OF TRAUMA-INDUCED INFECTIONS

RICHARD I. WALKER and M. LYNN MYHiAL

N!aval Medical Research Institute, Bethesda, Maryland 20814, USA
I

INTRODUCTION

In spite of many improvements in the treatment of trauma patients,

infection continues tc be the major obstacle to improved results in the care of

these individuals. In fact, among stabilized severely injured patients,

infection is second only to head injury as a cause of death. Uncontrolled

infection is the most crucial causative factor in the evolution of organ

failure among compromised patients.
2

The mechanibms that provide the opportunity for otherwise nonpathogenic

microorganisms to establish debilitating and life-threatening infections after

severe single or combined injuries have been the subject of extensive studies. u

Mlany of the latter have concentrated on the important areas of microbial toxins

and suppressive effects of trauma on the natural humoral and cellular immune

defenses of the host.

In recert years, another facet of host-microbial interactions has received

incrcasing attention. This facet concerns the phenomenon of abnormal

colonization of mucosal surfaces by microorganisms. Abnormal colonization and

defense suppression are two key events for the establishment of opportunistic

infections following direct and mediated effects of severe iniury Fig. 1).

This report ill describe mechanisms influencing the colonization of

mucosal surfaces by microorganisms, show how this process may be altered by

trauma, and propose some means by which colonization may be manipulated for the

benefit of the patient.

4
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NORMAL COLONIZATION

Normal mucosal surfaces are relatively resistant to colonization by

pathogenic bacteria. For example, when volunteers gargled a challenge

consisting of over 108 cells of Escherichia coli, Klebsiella pneumoniae, or

Proteus mirabilis, these inocula were reduced to less than 1% of the original

number by 3 h post exposure. Such resistance is conferred by fluids and

secretions bathing the mucosa, which contain substances that damage or coat the
microorganisms so that they cannot make contact with receptor sites on cell

membranes. 4  These chemical defenses are augmented by the physical removal

mechanisms, which include peristalsis, mucociliary action, etc. Colonization

resistance also depends on the contribution of indigenous flora, which occupy

binding sites and produce metabolites that regulate colonization by pathogens.

When these normal mucosal defenses are impaired or are overwhelmed by

large numbers of microorganisms, then opportunistic pathogens may be able to

bind to epithelial cells and initiate disease processes. Even with reduced

mucosal defenses, successful pathogens must be able to locate the epithelial

cell through motility and chemotaxis, have appropriate adhesins to interact

with mucosal receptors, and be able to multiply rapidly so that they will not

be removed as epithelial cells are shed.

Hydrophobic interactions between molecules on the surface of the bacterial

cell and phospholipid molecules of the host cell membrane overcome the

repulsive negative charges on bacterial and host cell surfaces. Permanent

binding, however, is effected by specific interactions between adhesin

molecules of bacteria and their complementary receptor molecules on host cell

membranes. Bacterial adhesins are often associated with hair-like surface

appendages called fimbriae on Gram-negative bacteria or fibrillae on

Gram-positive flora. Bacterial colonization can be further stabilized by

secretion of glycocalyx material, which cements the colony to surfaces and

impairs phagocytic removal.
5
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Trauma a Thermal

Combined Injury

Mediator Induced 4. Direct Organ
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and

Abnormal Colonization Death

Fig. 1. Infection following injury as a consequence of defense suppression and

abnormal colonization 4

ABNORMAL COLONIZATION OF THE GASTROINTESTINAL TRACT

The castrointestinal tract, which includes mucosal surfaces of the

oropharyngeal cavity and the intestines, is the major source of bacterial

infections in the compromised host.6-9 Bacteremia is usually associated with

colonization of the gastrointestinal mucosa by oroanisms such as Pseudomonas

aeruginosa and K. pneumoniae, which are frequently acquired subheouent to

patient hospitalization.
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OPOPHARYNGEAL COLONIZATION. Impairment of the normal pharyngeal clearance

mechanisms could be an important initial step in the development of pneumonia

due to Gram-negative bacilli. The preva1hnce of these bacteria among the

normal oropharynaeal flora has been found to rise markedly in hospitalized

patients. 10 This event did not correlate with antibiotic administration,

inhalation therapy, or duration of hospitalization, but it did cnrrelate with

severity of illness.

More recent studies provide some insight into how severe illnesses may

affect the colonization resistance of a host. Woods et al. 11 noted that a

correlation between the in vitro adherence of P. aeruoinosa on upper

respiratory .tract epithelium and the colonization of the tract by this

organism. For example, the respiratory tracts of cystic fibrosis patients, in

contrast to normal individuals, are coonized with Pseudomonas. Buccal u

epithelial cells from these patients bind 19.1 bacteria per cell versus 2.3

bacteria per cell from normal individuals. Interestingly, the increased

binding capacity, of buccal epithelial cells from cystic fibrosis patients

varied directly with the loss of the protease-sensitive glycoprotein,

fibronectin, from the cell surface. This loss of fibronectin is thouaht to be

associated with increased levels of salivary proteases.

Woods' findings are also pertinent to other compromised host models. In a

study of 12 patients in an intensive care unit, Woods found that thcir buccal

epithelial cells bound more P. aeruginosa than did their uncolonized

controls. Simi'larly, in patients with coronary bypass surgery, sali*vary

Protease activity and bacillary adherence increased as cell surface fibronectir

decreased. 13  These chances in adherence capacity of cells from bypass patients

were transient in uncomplicated cases, and had largely returned to normal by

the third post-operative day.

Some of Woods' findings may be explained by reduction in salivary flow, A
which can occur in hospitalized patients. It has been associated with

increased proteolytic activity and reduced intracral pH, both of which can

increase the susceptibility of epithelial cells to binding by Gram-neaative

I
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bacteria.1 4  Lack of adequate salivary flow could also affect the colonization

due to loss of factors such as immunoglobulin A and direct antibacterial

* components such as lysozyme contained in this fluid.

Other injury to epithelial cells can also be involved in opportunistic

adherence. Desquamating cells of murine tracheas injured by influenza virus

infection or by endotracheal intubation were found to bind Pseudomonas more

readily than did cells from normal animals. 15  Colonization of the respiratory

tract by Pseudomonas is also enhanced in rats with microulcerative lesions

caused by' hexamethylphosphoramide. 16  The significance of changes in the

physiologic status of mucosal cells can be influenced by unique binding

characteristics of various organisms. For example, Pseudomonas binds readily

to mouse tracheas injured by 0.1 N HCl for 15 min, but K. pneumoniae and E.

coli bind more effectively to normal tracheal cells. 7  The unique binding

characteristics of Pseudomonas may contribute significantly to the importance

of this organism in compromised patients.

INTESTINAL COLONIZATION. Changes in the colonization affinity of the

mucosal surface of the lower g~strointestinai tract have not been studied as

well as those of the oropharyngeal region. From quantitative studies of

intestinal colonization, however, it is known that microbial populations in

this region are very sensitive to changes in host physiology. Injury,

environmental stress, and dietary stress in animals and even emotional stress
18-21

in humans cause significant alterations in numbers of various fecal, flora.

We have examined changes in populations of intestinal flora in irradiated

rats that could predispose the animals to sepsis, by comparing the numbers of

facultatively anaerobic flora in ileal homogenates at variou's times after

lethal (1000 rads) and sublethal (500 rads) 60Co radiation. 22-23  Thp numbers

of bacteria declined from normal levels in animals given either 500 or 1000

rads of radiation (from 239.0 to 11.7 and 39.4 x 104 bacteria per gram of'

intestine, respectively). At the lower radiation dose, the numbers of these

bacteria began to return to normal levels after day 7 post radiation, and were

approximately normal by 11 Jays after radiation. In contrast, by day 11 in

rats given 1000 rads 60Cr,, these organisms had colonized the ileum in numbers

far above normal (740.7 x 104 bacteria per" gram of intestine).
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Evidence for the importance of colonization resistance and the presence of -

injury-induced alterations in the intestinal mucosal environment have been

obtaine,' from further studies of ilea from lethally and sublethally irradiated

rats. 22-23 Scanning electron microscopy (SEM) was used to study a group of

indigenous flora known as the segmented filamentous microflora (SFM). These

presently uncultivatable organisms are intimately associates with the ileal

epithelium of normal rodents. These organisms were recently associated by

others with colonization resistance by quantitating them in situ with transect

line analysis of SEM images. 24  Colonization by the SFM correlated signifi-

cantly with development of host resistance to fatal infection by oral challenge

with Salmonella enteritis.

The SFM were associated earlier with colonization resistance in irradiated

rats. 22,23 One day after sublethal or lethal radiation, SFM were absent from

the intestinal villi (Fig. 2). By 4 days after radiation, houever, villi in

rats receiving sublethal radiation were colonized by normal numbers of the SFM.

Ir rats given lethal radiation, the SFM were still absent at 11 dys post

radiition. Thus, lethal injury causes a response that prevents some normal

flora from colonizing the ileum. The loss of these flora may contribute to

subsequent overgrowth by opportunistic pathogens.

The mechanisms responsible for ecological changes in the ileum post

radiation are relatively unknown. One important mechanism could involve

quantitative and/or qualitative changes in the mucous gel that bathes

intestinal epithelium. This material is secreted by specialized epithelium

called goblet cells, and consists of 5-20% high molecular weight glycoproteins.

Recent new fixation te(hniques make it possible to visualize this layer with

SEM. 25 When this is done, tne mucous gel can be easily determined to be the

major ecological niche in the intestine. Most microorganisms are found hero.

Study of the fate of this substance after traurma ray hPlp explain chanops in

bacterial populations.

There are some reasons to thirn that the murnus ooi could hF altero- aftor

trauma. Mucus oroductior in the oastrnintestinra tract is ircrpaspd durirq
26

burn srck. Furthprmore, in study of champ-s in irtpctinal oerr-vbility
F772

followino radiatino injury , full-thicknp s dpr-'I wourds , 1r ordotrxir,
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* Fig. 2. 6 it ileum before (left) 1 one day after exposure of the animal to
1000 rads Co radiation.

shock, it was found that the tight junctional barriers (zonula occludens)

associated with goblet cells are often disrupted. These intercellular barriers

between adjacent absorptive epithelial cells are always intact. These data

indicate that a variety of injuries have physiologic effects on goblet cells.
Since sume of these injuries would not be expected to directly affect

intestinal cells, their effects on goblet cell tight junctions must be mediated

by factors secreted elsewhere. The possibility that soluble mediators may

influence goblet cells is not surprising, since secretion by these cells is29
under parasympathetic control, and vasoactive amines such as histamine can

disrupt goblet-cell-associated tight junctions.
30

More direct study of mucous gel affinity for bacteria in compromised

subjects is now possible. Dr. Paul Cohen at the University of Phode Island has
31developed an in vitro mucous gel adherence assay, which we have adapted and

begun to use to determine changes in binding affinity in trauma models. The

gpl material for this assay was obtained by removing small intestines from 10
60C3HeB/FeJ mice at 0,1,3,5,7,9, and 11 days after 1000 rads Co. The intestine
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was rinsed with phosphate-buffered saline (PBS, pH 7.3), slit lengthwise, and

scraped in cold PBS. All materials collected and pooled from the 10 mice were 0

centrifuged twice for 20 min at high speed to remove all cell debris.. The

protein concentration of the final supernatant was adjusted to 3.5 mg/ml. A

quarter ml, or approximately 0.9 mg, of protein of this material was put into

each well of a 24-well Linbro plastic tissue culture plate overnight at 4C.

The next day the wells were washed three times with PBS, and this crude

preparatiun was then used as the substrate for the binding of tritium-labelled

bacteria.

Radiolabelled bacteria were washed twice with PBS, adjusted to a standard

cell concentration of approximately 108 cells/ml, and 1/4 ml (or about: 1 x 108

cells total) was allowed to incubate on the mucous gel for an hour at. 37°., The

non-adherent bacteria were removed and the well washed three times with PBS..

Adherent bacteria were then recovered from the wells by adding 0.5 ml of sodium

dodecyl sulfate to each well and reincubating the plates for 3 h at 370. The,

radioactivity remaining in each well after washing with PBS was used to

calculate the number of cells that adhered to the mucous gel.

With 'this new adherence assay, oe have detected changes in binding

affinity of gel preparations seen after lethal radiation (Fig. 3). By day 7

post-radiation, the number of receptors in the mucin for the nonpiliated

laboratory E. coli strain K12 had risen steadily to six tines the normal level.

This suggests that lethal radiation can alter intestinal mucoproteins so that

organisms that normally cannot attach to the mucous gel or that do so poorly in

competition with indigenous flora are able to attach and colonize more

effectively. When the E. coli K12 contained the plasmid for the K88 pilus,

normal binding was higher than in the parent strain. There was an initial drn o

in binding capability on day I after radiation, but over the next 10 days the

number of cells bound by the mucous gel remained at normal levels.

Post radiation binding by two strains of P. aeruginosa to mucous gel has

also been studied. The binding affinity of mucous ael for the PAKS-1O strain

of Pseudomonas increased dramatically after radiation, and retdined elevated

through day 11. In conLrast, adherence of the E64 strain of Pseudomonas was

increased only at day 1 after ixposure. Abnor, .l colonization of thp
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underlying epithelial layer by opportunistic pathogens may require only 1 or 2

days of optimal attachment to the mucous gel. Changes in the amount of mucous

gel secreted could even magnify differences observed in binding affinities.

Studies are presently under way to quantitate the mucous gel layer following

lethal radiation.

COLONIZATION OF SITES OUTSIDE THE GASTROINTESTINAL TRACT

Effects on colonization such as seen in the gastrointestinal tract could

also occur on other mucosa; surfaces and contribute to post trauma infections.

This may be particularly true of the urinary tract, where catheters provide a

portal for the introduction of pathogens. Although the effects of trauma on

the urinary tract epithelium have not been studied, considerable evidence is

available to associate urinary tract adherence with infection. Schaeffer et

al. 32. found that the susceptibility of women to urinary tract infection is

associated with widespread fluctuating changes in the adhesive characteristics

of their epithelial cells taken from other sites. The adherence of bacteria to

vaginal or buccal cells was greater in patients with recurrent urinary tract

infections than in normal individuals.

Changes in binding affinity coul, be due to changes in cell membranes

themselves or in their protective coatings. For example, transitional cells

lining the urinary bladder secrete glycosaminoglycan (GAG), which reduces E.

coli adherence. When GAG is removed from the urinary bladder epithelium,

adherence increases, but returns to normal as it is resynthes.ized. Hormones

may alter cell membrane receptors for bacteria. For example, incubation of
34

HeLa cells with estrogens enhanced the adhesion of r. coli and S. aureus.

PREVENTION OF ABNORMAL COLONIZATION

Our present understanding of host and microbial factors affecting the

colonization of mucosal surfaces can be used to propose a number of approaches

to infection control.

CCMPETITIVE INHIBITION. Purified adhesin or receptor materials or their

analogues car he used as competitive irhibitors of bacterial adherence. For

example, Aronson et al. used intravesicular instillation of mannose to control
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Fig. 3 Number of bacteria adherent to mouse mucWu specimens obtained at
intervals after exposure of the animals to 1000 rads Co radiation

urinary tract colonization of mice by mannose-sensitive E. coli. 3 5  Although

70% of mice given phosphate-buffered saline were colonized by E. coli, only 20%

of the animals given methylmannoside were colonized.

ANTIBIOTIC INHIBITIOr'. Administration of sublethal concentrations of

antibiotics can suppress the formation and expression of bacterial adhesins.

Adhesion of Streptococcus pyogenes is blocked by low concentrations of

penicillin through loss of the adhesin necessary for the bacteria to bind to

human burcal epithelial cells.36 Sublethal doses of either penicillin or

streptomycin can prevent the formation and expression of adhesins of E. coli.37
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Even when fimbriae are present on these bacteria after antibiotic treatment,
they may be ineffective due to amino acid substitutions induced by the effects

of antibiotics on reading of messenger RNA.

VACCINES. Vaccines against specific surface components involved in

adhesion to mucosal surfaces would be useful in prevention of infection. This

approach has shown promise for preventing gono!:occal infections in normal

humans. 38  The antigenic diversity of binding components of organisms would

make this approach difficult for controlling many opportunistic infections. It

is possible, however, that receptor-binding domains among the fimbriae of

various organisms will prove to have common antigens, and then vaccines

prepared from peptide fragments containing the common bacterial cell membrane-

binding region could be broadly protective.

SELECTIVE DECONTAMINATION. The process of using antimicrobial agents

that inhibit colonization by potential pathogens but leave benign flora intact

will be discussed in detail by Dr. van der Waaij. This method has already been

used successfully in patients to maintain a flora that reduces opportunities

for colonization by other organisms.

STABILIZATION OF CLEARANCE MECHANISMS. Restoration or preservation of

colonization-regulating fluids on mucosal surfaces may become an effective

means of reducing colonization by opportunistic pathogens. Since fibronectin,

which blocks many binding sites found on cell surfaces, can be lost as a

consequence of proteolytic activity,J1113 it may be possible to inhibit

protease activity in secretions and/or artificially restore cell surface

fibronectin. Simple means such as increased mastication to enhance salivation

in hospitalized patients may enhance clearance mechanisms in the oral-pharyngeal

region. If mucus secretions in the intestine are significantly altered by

various injuries, it may someday be possible to manipulate them

pharmacologically.

CONCLUSION

The importance of microbial adhesion to mucosal surfaces has been

recognized only in recent years. The role of this event in colonization, a
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major predisposing factor to subsequent infection in compromised hosts, seems

well established. It is now imperative that host and microbial factors

responsible for colonization by opportunistic pathogens become better

understood through careful study. As we learn more about the phenomenon of

cclonization after trauma, we can begin to exploit them to prevent infections

from being initiated in a host already compromised in its ability to deal with

them.
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DISCUSSION PERIOD WITH DR. WALKER

DR. ALTURA: About 20 years ago we published that tetracycline, given

to normal rats, 3 days before trauma increased mortality.

Secondly, we found a marked depression of the reticuloendothelial

system. These results have been confirmed in PMN's from patients and a number

of other studies in Geriany and Sweden over the last 20 years.

* Three years ago we reported that antibiotics Dr. van der Waaij used

(ampicillin, kanamycin and tetracycline) increased mortality in normal control

rats if given 3 days before superior mesenteric arterial occlusion bowel

ischemic shock and Noble-Cobb Drum trauma. Interestingly enough, the

reticuloendothelial system was depressed in normal animals after 3 days of

pretreatment with dosages similar to what would be given to human beings. So I

wonder whether or not the results you have shown may not be a reflection of .

what is happening to phagocytic events.

One further thing: Using specific pathogen-free rats, where we

decontaminated about 85 percent of the normal flora, we also found a depression -

of the phagocytic system. They were highly susceptible to hemorrhage, trauma,
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and bowel ischemia. We reported these findings about 10 years ago. In all
animals studied, there was an inability to show compensatory rebound after
bleeding or trauma of blood pressure.

DR. WALKER: One point that comes out of what vuu said is that

bacteria are basically good. They don't necessarily have to be villains. It

is only when sonething goes wrong that we can't live with them any more, and

then we are in trouble. That i5 why it helps to be able to get endogenous

bacteria back in line so some problems can be prevented. The other point you

mentioned is that we have to consider using antimicrobial approaches that are

not just affecting the microorganisms but are also affecting the physiology of

the host.

I
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INFECTION PROPHYLAXIS IN LARGE PATIENT POPULATIONS
WITH COBINED INJURY S

D. VAN DER WAAIJ
Laboratory for Medical Microbiology, University Hospital, Gronigen,
The Netherlands 6

I NTROOUCT ION

On August 9, 1945, 201 prisoners of war from the Royal Army of the Dutch .

East Indies were imprisoned in camp FUOKA-14. in Nagasaki. This camp was

located in a suburb called Saiwaimachi, about 1650 meters from the hypocenter

of the explosion of "Fat Man", the plutonium bomb that exploded that day (Fig.

1). The POW's had been put to work in the machine shop and casting shop at
Mitsubishi Shipyard. These men were in bad health at the moment of the S

explosion, due to their heavy labor and malnourished condition. Four POW's

were killed immediately by the explosion, and 31 were seriously wounded. The

low mortality may have been due largely to the rapid action of the surviving

POW's who pulled their colleagues from ruins of buildings and from underneath a

wreckage 3nd rubble before it caught fire. The 31seriously wounded men were

carried into the hills in the south on improvised stretchers.

It was largely due to this rapid rescue activity by POW's and the presence -

of a small hidden reservoir of medicines taken a few months previously from

American Red Cross food packages, that only five of them died as a result of

(combined) trauma due to the explosion, i.e., due to blast, burn, and

radiation. The POW's stayed in the area of Nagasaki until September 12, so

they may have received some additional radiation. Little medicine and simple

hygienic measures, such as the disinfection of bandages in. boiling water before

reuse ard the preparation of food of better quality than during the preceding

months, may be of importance in explaining the relatively lcw mortality of only

4 . The mortality among the Japanese population in the same area during the .

explosion was about 28'1.

I
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This short summary was collected by Dr. Stellingwerff 2 from several
diaries of POW's who survived the Nagasaki A-bomb and from personal interviews

of a number of them. It may support my view that some form of simple medical

help may be of great importance for A-bomb victims. If people survive the

direct effect of a considerably heavier A-bomb than used in Nagasaki, their
survival may be increased by simple measures such as (a) direct rescue of

wounded by "healthy" survivors in the area to limit death due to fire and (b)

provision of simple first aid, which'helped the POW's in Nagasaki to survive.

Survival from the direct effects of an A-bomb explosion will be possible only

at a certain distance from the hypocenter. This distance will be proportional

to the power of the explosion.

U.HO SP ITAL

A HILL TOP

Fig. 1. Zones beyond the hypocenter of the explosion of "Fat Man" at Nagasaki
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RADIATION DOSE DISTRIBUTION IN NAGASAKI DUE TO A-BOMB EXPLOSION

Last year 3t the VIII Symposium on Infectious and Parasitic Diseases in

Stockholm, I pyesented a survey of what presently could be done to limit
3

infections among A-bomb victims or other categories of mass casualties. This

survey was also based on information concerning the physical, medical and

social effects of the atomic bombings of Hiroshima and Naoasaki. It was shown

that blast and flash burn victims were seen over a much greater area (at

greater distance from the hypocenter) than low radiation doses of 100 rads or

less (Table 1). The casualty incidence in Nagasaki was 50% in a zone in which

radiation was much less than 100 rads.

TABLE 1. DATAa PRESENTING RETROSPECTIVE OBSERVATIONS IN NAGASAKI RELEVANT
TO THE DISCUSSION GF FIRST AID A-BOMB VICTIMS

DISTANCE 1"TENTATIVE 1965 INCIDENCE (%) OF INCIDENCE (%) OF ESTIIATED

FROM HYPO- RADIATION DOSE" INJURIES RADIATION ACQUIRED

CENTER IN M'S IN RADS

X-RAYS NFUTRONS BLAST BURN CASUALTY MORTALITY

1000 888 35.9 75 25 90 70 "lethal"

1100 588 19.5 ........

1200 391 10.6 60 27 85 65

1300 262 5.8 .... -- --

1400 176 3.2 -- - .....

1500 119 1.7 55 29 80 40

1600 80 .7 1.0 ... 15b _4b

1800 37.6 0.3 ........

2000 17.8 0.1 35 33 57 12

3000 0.5 0 22 30 17 0 No

4C00 0 0 19 8 7 0 Significant

Padiation

a derived from (1)
camp FIJOKA 14
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Regardless of the explosive power of an A-bomb, the zone in which people ....

survive the direct effects of the explosion but are sublethally irradiated or

wounded or both, is unlikely to be much wider than it was in Hiroshima and

Nagasaki, i.e., an outer zone of about 5 km deep. Long-term survival will be

possible only in those in whom the total-body radiation dose (gamma rays or

neutrons) does not exceed the dose that causes severe damage to the bone marrow

but still leaves a sufficient number of stem cells for rapid repopulation.

Without advanced medical care, acute radiation doses of 700 rads and more are

inevitably lethal due to infection and/or hemorrhage. Partial irradiation

(when part of the blood forming bone marrow is shielded during an A-bomb

explosion) may provide a chance of survival for people in zones in which

radiation is stronger. They may possibly survive a dose as high as 800 rads,

particularly when the shielding covers the abdomen, with the intestines and the

iliac bones containing bone marrow. The dose range of 600 rads down to less

than 10 rads, which will likely be survived by the majority, will in all cases

exist only over a very narrow zone of a few hundred meters. The distance of

this zone from the hypocenter will depend on the size of the bomb. Heavy

explosions of, for example, tenfold the exposion that has occurred above

Nagasaki, will have this zone at a proportionally greater distance from the

hypocenter. Consequently, following a megaton bomb explosion, the total

surface of the zone for potentially long-term surviving radiation victims will

be much larger than in Nagasaki, although the zone will not be wider. This

involves only fully exposed persons. As mentioned above, individuals who are

partially or completely shielded during the explosion (being, for example,

inside a solid concrete building) may have a chance to survive when they are

closer to the hypocenter.

As in Nagasaki, long-term survivors of an A-bomb explosion are to be

expected only in the zone in which they may receive 600 rads or less. tutual

assistance as well as rescue arid aid by residents of cities and villages at
greater distance from the hypocenter (upwind from the bombed area! may he of

areat importance in lowering the mortality. If this is to be rpali7ed, it

would be wise, to inform the public about the real risk for health and life

after exposure to low radiation dose,. If an atomic weapon is ever used bv Any

nation, the fear and panic in the target area may be ruch qreater than thnse,
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that occurred in Hiroshima and Nagasaki. As.a consequence, mortality among the

wounded, the combined-injury, or (low-dose) radiation victims who survive the

direct effect of the explosion, may considerably exceed the mortality reported

in both cities of Japan. We should aim for the opposite.

SELECTIVE DECONTAMINATION OF THE DIGESTIVE TRACT: A METHOD TO PREVENT

BACTERIAL INFECTIONS

The anaerobic fraction of the digestive tract microflora of animals and

man has been found to be of key importance for the control of the colonization

pattern of the digestive tract by potentially pathogenic microerganisms such as

Escherichia coli, Klebsiella species, Pseudomonas species, and Gram-positive

cocci. 4, Enteric pathogens like Salmonella, Shigella, and Vibrio cholerae

also are negatively influenced by the autochthonous anaerobic intestinal

6-
flora. Anaerobic bacteria form a strong barrier to colonization by

pathogenic and potentially pathogenic bacteria. This phenomenon is called

colonization resistance (CR).4  The CR is susceptible to a number of

antibiotics. 10

Selective decontamination (SD) of the digestive tract aims at (a) the

selective elimination of the potentially pathogenic and the pathogenic bacteria

from the digestive tract and (b) the prevention of colonization by these

species. Such selective growth suppression can be obtained by oral administra-

tion of a combination of antimicrobial drugs that do not affect the CR

(anaerobic) flora. SD is achieved only when such treatment causes the

disappearance of potential pathogens and pathogens from surveillance cultures

of feces and oral washings. If this is not achieved, only selective suppression

of opportunistic and pathogenic flora is obtained.

Selective decontamination appears to be of practical importance in

preventing infection in patients with acute leukemia or other groups of patients

who suffer from severe granulocytopenia. SD treatment can be continued for

weeks and, if necessary, for months. Since the CP flora are maintained, SD

does not reouire isolation precautions other than treatment under hygienic

hospital circumstances. As long as the anaerobic flora are not affected

by

353



antibiotics used for SD, the threshold for a "take" by pathogens is high; i.e. ,

high numbers of bacteria (of most species, 106) must be ingested to establish

colonization. Information about which antibiotics do lower the CR flora (the

anaerobes) and which do not, data about daily doses required for successful SD,

and other technical details, fall out of the scope of this review. Detailed

information, however, is reported elsewhere. 1 1'8  SD has been found to be an

impressive means for infection prophylaxis in humans and animals when applied

shortly after sublethal total-body irradiation.19

AN ANIMAL MOOEL FOR THE STUDY OF INCIDENCE AND SPREAD OF INFECTION

Animal experiments have been conducted to investigate what may occur among

civilians who survive the direct effects of an A-bomb explosion but have

received radiation and who are treated with an antibiotic(s) that does or does

not affect the CR flora. Two groups of randomly bred Swiss female mice, 12

weeks of age, were X-irradiated with 700 rads and placed 15 to a cage. The

animals in each cage shared one drinking bottle and a hopper with pelleted

food.

Two cages each with 15 animals were not irradiated, but were given

ampicillin (CR-decreasing) in the drinking water (0.5 mg/ml),20 and treated

with either nalidixic acid (CR-indifferent) in the drinking water (I mg/m21 or

polymyxin B in the drinking water (I mg/ml).?? In four of these eight cages

(one of each treatment group), one ear-marked animal was orally contaminated

the day before treatment and irradiation with 109 ampicillin and nalidixic

acid-resistant Escherichia coli. In the remaining four cages, one ear-marked

mouse was orally contaminated the day before treatment and radiation with 109

Pseudomonas aeruginosa. In all cages individual sampling of feces was

attempted every other day. In mice that died, heart blood was taken

aseptically for culturinq.

The results of thp study can be divided into epidemiologic results (Fig. 2

and 3) and result< concernino survival (Fics. 4 and 5).

The spread of both E. coli and Ps. aeruginosa was rapid in the ampicillin-

treated group. This obviously correlated with the decreased CP in these

ar mal . Spread of both of the Gram-negative bacilli among cage mates in the
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control group as well as among the nalidixic acid-treated mice was seen only in

the Ps. aeruginosa-contaminated groups (Fig. 3). The fact that the contaminant

strains as well as the endogenous Gram-negative bacilli were sensitive to

polymyxin P may explain why these bacteria were not cultured from the feces of

polymyxin-treated mice.

IPOm0 $*06AO 04 *M CtL *lbfN I c ! *.. U g mci* A** fAji ,N I luU

lOufi o10l-4 L NI.N e-t X . .a l 1"1.0 &.0 . k ( ... 0...1b*. 0 00.4 'OuIt

* I ~~vl
* 40

2 6 1 I 4 PSI f 32

Fig. ?. Epidemic spreAd of amvpic~llin resistant E. coli among 15 mice in a
cage per treatment group followin. lethal X-irraaiaf-1oW (700 rad) and oral
contaminatior of one mouse

|o :

Fig. 3. Epidemic spread of ampiomolin arsinstatE.l amon g 15 mic e in a g e

aeertreatment group followi. ltha X-irraiC (70 raid0 and oral 0ontamination

cnaai of one mouse

i35-" i

Fig. 3. Epidemic spread of Pseudomonas aeruoinos amono 15 mice in a cage per
treatment group following lethal )'-irradiationi (7C0 rad)i and oral contamination
of one mouse
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Fig. 4. Mortality in mice following lethal tota! body X-irradiation (700 rad)
and oral contamination of one mouse with (resistant) E. coli per treatment
group of ]5 animals
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40*
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Fia. 5. Mortality in mice followir 7D0O rad total hedv X-irradiatinn and nral
contamination of orne mouse with Pseudcronas apruiirnsa per treatment qrnup 15
animals
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The influences of overgrowth in the gastrointestinal tract of ampicillin-

treated mice by the resistant potentially pathogenic bacteria (E. coli and Ps.

aeruginosa) on mortality following X-irradiation (Figs. 4 and 5) is well

known. It is, however, perhaps not realized that the post-irradiation

therapy with CR-decreasing antibiotic treatment may enhance mortality as it did

in the animal model described here. When irradiated individuals become heavily

colonized (overgrown) by resistant potentially pathogenic organisms, the almost

inevitable infection will soon become lethal if specific antibiotic therapy is

not rapidly started. The effect of CR-decreasing treatment is more dramatic if

a more pathogenic species such as Ps. aeruginosa is involved than if the 4

digestive tract of irradiated individuals becomes loaded with massive numbers

of E. coli.

Selective decontamination with nalidixic acid or polymyxin on the other

hand, reduced mortality in our mouse model in comparison with the control group

(Figs. 4 and 5). SD with polymyxin B was also effective in reducing mortality

in the pseudomonas-contaminated group but not in the nalidixic acid-treated

animals. This is not surprising because Ps. aeruginosa is generally sensitive ..

to polymyxin and not sensitive to nalidixic acid; nalidixic acid may have had

only a slight suppressive effect on pseudomonas colonization at the dose it was

given.

The conclusion that can be drawn from this experiment is that if the model

(with individuals that were not individually treated other than with some form

of SD) is representative for the situation that may occur in humans after an

A-bomb explosion, then large-scale oral antimicrobial treatment:

1. must not be performed with CR-decreasing antibiotics against which

resistance occurs among endemically present potentially pathogenic

microbes.

2. should be of an SO-type in order to selectively eliminate all

susceptible potentially pathogenic organisms from the gastrointestinal

tract thereby preventing infection and limiting spread of resistant

organisms by preserving the CP-maintaining (anaerobic) microflora.
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3. may reduce mortality if it is of the SD-type.
I

4. may reduce spread and incidence of infection from enteric pathogens

such as Salmonella, Shigella, Yersinia, and Campylobacter.

5. may, with properly selected antimicrobial drugs, also limit the U

incidence of acute bacterial bronchopneumonias such as staphylococcal

and pneumococcal pneumonia as well as Legionnaires' disease.

LARGE-SCALE SO TREATMENT A40OW A-8OMB VICTIMS

Based on, the reported experimental and clinical experience, it, is

reasonable that SD be explored as a possible medical aid in mass casualty

treatment. Not only may SD strongly enhance the survival of radiation victims
who acquire less than 100% lethal radiation but it may also limit the

occurrence of infections caused by pathogenic bacteria.
25

DISCJSSION

Data are presented 'i relevant to the question of whether medical
first aid is possible following a nuclear attack. At a distance from a nuclear

explosion at which gamma or neutron radiation is at or above the dose level

that causes severe bone marrow damage so that death due to thrombo-cytopenia-is -

inevitable, long-term survival will not be possible without advanced medical

care. Because medical aid provided by medical doctors will be virtually

nonexisting, discussion is realistic only for measures of enhancement of long-

term survival among A-bomb victims who were not lethally irradiated, either
because they were (partially) shielded and/or were at a greater distance from

the hypocenter.

The most realistic conclusions and recommendations regarding first aid can

be deduced. from what has occurred in reality, i.e., experience in Nagasaki in

1945. It is important that panic be limited. The public should be informed

about radiobiology and infection prophylaxis. They should, for example, know

that if they find themselves alive after an A-bomb explosion, they have a fair

chance to survive the radiation to which they have been exposed. ',,They should
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also know that if they are not wouided, they can pull many people in their

neighborhood from under wreckage without much danger of acquiring signicant

additional radiation. Fire may begin hours after the explosion, particularly

in suburbs in which buila, gz and houses are constructed of wood. In addition

to rescuing others, people should collect as many first-aid materials, food,

and beverages as they can before the'materials are lost due to fire. •

In such a situation, it will not be known until much later what ,

acquired radiation dose may have been at various locations from which rpftees

come. Radiation and other trauma plus decreased hygienic circumstancs: among .

A-bomb refugees who may for some time live in improvised camps can lead to

infections by potentially pathogenic bacteria. Therefore, consideration should

be given to providing tablets for SD to all victims who car take them. This

regimen should be continued for at least 3 weeks. SD may reduce mortality due s
to infections in those who have received sublethal radiation and/or extensive

burn or other trauma. Secondly, SD may reduce the occurrence of transmissible

Gram-negative infections such as salmonellosis, shigellosis, pasteurellosis,

and cholera. SD will not enhance survival of those who have received lethal

radiation doses. They may die within hours due to a central nervous system

syndrome, within the first week due to an intestinal syndrome, or else in the

second or third week due to severe bone marrow damage (bone marrow syndrome).

The majority of these severe radiation victims, however, will not be able to

take any oral medication due to severe nausea. This is of practical importance

to "first aiders" in the refugee camps. These camps will, like those in 1945

in Japan, be located several kilometers away (a walking distance) from the area

in which secondary radioactivity is inouced. For example, these camps may be

at the distance at which the POW's in Nanasaki found shelter for several weeks -

after the A-bomb explosion.

Most antibiotics do affect the CR and will therefore enhance the rapid

spread of resistant bacteri., the opposite of what is desired. The use of

antibiotics other than those recommended for SD, therefore, should be avoided,

if not forbidden. The use of CR-decreasing antibiotics might not be contra-

indicated, but it may be restricted to use in those hospitals at greater

distances from the explosion site and in the hands of experienced doctors.
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Tablets for SD may be available in greater quantities only if they are

currently being used in our hospitals. In addition to application in infection

prophylaxis in oncologic patients, SD appears to find favorable application in

the control of Gram-negative infections in hospitals. A sharp reduction of the
incidence and the spread of (multi-resistant) Gram-negative infections in

intensive care units (in which long-term artificial ventilation is often

indicated) and in burn units has been reported recently, in a workshop on CR
held in Utrecht.

In this paper I have confined myself to a situation in which nuclear
weapons are used on a limited scale, although they may be heavier than bombs
used in 1945 in Japan. If nuclear weapons are ever used on a large scale as
anticipated by Abrams and Von Kaenel,25 then circumstances may develop as they

describe. However, in that case, it is recommended that survivors of the

explosion who can walk should first try to rescue others.
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DISCUSSION PERIOD WIMh D.. VAN DER WAAIJ

DR. McCABE: I wonder if Dr. van der Waaij could speciate the

anaerobes he feels are responsible for colonization resistance?

DR. VAN DER WAAI,: This is the key question, and I have no answer

other than that this presumably is a Gram-positive fraction susceptible to

penicillin or bacitracin. Colonization resistant flora are not susceptible to

polymyxin, which will reduce certain Bacteroides species we have studied.

DR. McCABE: Probably not Bacteroides fragilis.
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DR. VAN DER WAAIJ: No. It is important to study the regulation of

Kupffer cells and nacrophages, and also the activity of the bone marrow. We

are interested in the possible side effects of decontamination, hoping that we

might influence it by eliminating the potental. pathogens through the activity

of the bone marrow stem cells. In that way we might save a number of healthy

stem cells during leukemic chemotherapy. S

After approximately 1 week of polymyxin treatment, the average .

fraction of cells, which is normally on the order of 16% to 18% stem cells in

cycle, falls to approximately 4%. Bacitracin-enhancing growth of aerobic , 0

Gram-negative bacteria raised the fraction of stem cells in cycle to between \

33% and 36%. We are now in the process of investigating what that means in

terms of susceptibility to chemotherapy.
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TREATMENT OF GRAM-NEGATIVE WTEREMIA, ENTEMIA,

AND SHOCK WITH ANTIBOOY TO CORE GLYCOLIPID
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Departments of Medicine and Pathology, University of California, San Diego,
California 92103, USA * .0
INTRODUCTION

The purpose of this report is to describe recent observations on the use

of intravenous human glofulin against core glycolipid in the treatment of

experimental Gram-negative bacteremia and endotoyem.ia. The development of the

gamma qlobulin is based on -previous studies that demonstrated a sharp

reduction in mortality rate in patients treated for Gram-negative bacteremia

with intravenous antiserum against rore glycolipid in the JS mutant of ...

Escherichia coli. Since concentrated gamm globulin preparations from pooled

hyperimmune J5 human antiserum should give even better protection than /

antiserum, and offer important advantages with respect to storage and

administration, we carried out a series of studies on the safety and

effectiveness of intravenous J5 human gamma globulin. We used a gamma .

glooulin preparation containing both IgG and IgM because immunoglobulins can

protect against endotoxemia, and IgM appears to be necesszry for protection

against Gram-negative bacteremia. In evaluating the safety of the J5 gamma

globulin preparation, we gave special attention to the nonspecific activation

of complement, which is considered to be responsible for adversq clinical

reactions after intravenous administration of commercial gamma globulins.

8ACXGROUND

This research beoan 15 years ago when Gram-negative bacteria had replaced

Gram-positives as the major cause of fatal bacterial infections in patients.

Perhaps the main reason for this change is the success of antibiotics against

most pathogenic Gram-positive bacteria. By comparison, Gram-necatives are

less susceptible to most antibiotics to begin with, and have a remarkable

caoacity to become resistant to these drugs. The Gram-neqatives also have

toxic lioopolysaccharides or endotoxins that are not found in the Gram-
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positives, and can cause fatal shock. The potential importance of LPS in

causing bacteremic shock is obvious from the striking difference in the

incidence of shock in the two forms of bacteremia. In an extensive study we

found that Gram-negative bacteria are recovered from the blood in 90% of

patients with bacteremic shock, whereas shock is unusual in bacteremia caused

by staphylococci, pneumococci, and other r reppococci.1 The problem is

compounded by the growing numbers of immunosuppressed patients who lose their

natural immunity to intestinal Gram-negative bacilli. These three factors

(drug resistance, LPS, and inmunosuppression) are held primarily responsible

for the unremitting high incidence of bacteremias due to Gram-negative

organisms and a vrtality rate ir. these infections of 35% to 60%.

In looking for an alternative to antibiotic theraoy, we set out to

develop an antiserum against the LPS. We found that antisera against smooth,
2-6LPS prevented all of the toxic reactions induced by endotoxin. In order to

get around the problem of the antigenic heterogeneity of LPS among the species

and serotypes of pathogenic Gram-negative bacteria, we took advantage of the

observation that the polysaccharide portion of LPS consists of two regions:

(1) the central R core and (2) the side chains carrying the determinants of

"0" antigenic specificity.7-10  Although the structure of "O"-antigen varies

widely among Gram-negative bacilli, the structure of the core is similar in

all species. This is especially true of the oackbone, which contains only

heptose, phosphate, ketodoxyoctonate (KDO), and hexosamine. This uniform

structure in the core LPS provided a basis for developing one antiserum

against all Gram-negative bacteria responsible for serious human infections.

We prepared antiserum against core LPS by immunizing animals with a

vaccine made from the rouch mutant of E. coli 0111 B4, known as J5 (4). The

core of this mutant possesses only "backbone" suaars plus glucose. Although

deficient in UOP-glu-4-epimerase, the 35 mutant was at first able to

incorporate exogenous qalactose and thus attach "0" side chains. From this J5

strain we derived a new mutant that could no longer incorporate galactose from

the medium, so that its core became exposed for purposes of immunization.1 I

Core antiserum Dreoared by immunization with a vaccine composed of J5 cells,

or purified J5 LPS, produced high titers of antibody to core LPS and a potent
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antitoxin against LPS that can neutralize all its toxic prooerties. The j5

antiserum lowers the mortality rate from endotoxin in experimental animas and

gives as good protection against purified smooth LPS as the homologous smooth
antisera. The J5 antiserum also prevents the local Shwartzman reaction,

disseminated intravascular coagulation (DIC), and renal cortical necrosis. 4'5

Thus, J5 antiserum prevents all toxic manifestations of Gram-negative

bacteremia that are attributed to endotoxin.

Antiserum against the J5 mutant was even more successful in the treatment

of overwhelming bacteremias produced by Gram-negative batema. reacThe

therapeutic trials with antisera were carried out in a unique model devised in

this laboratory for reproducing the syndrome of Gram-negative bacteremia. in

patients. 3  It is based on our observation that the rabbit normally lacks

coliform bacteria in its bowel. The bowel of the rabbit can thus be colonized

by feeding any of the Gram-negative bacteria responsible for human septicemic

shock, and the animal develops fatal bacteremia if made neutropenic by

nitrogen mustard. This model resembles lethal bacteremia in patients with

respect to the endoqenous source of the bacteremia, the immune disturbances,

and the prominence of shock. A slightly different technique was used for

Pseudomonas aeruginosa than for othe Gram-negative rods. Lethal Pseudomonas

bacteremia was produced by instilling 107 bacteria into the conjunctival sac

of nitrogen mustard-treated rabbits. 14  When bacteremic rabbits were treated

with J5 rabbit antiserum, 40-70% survived, in contrast to a survival rate of

less than 10% in controls.
11'12

We found that J5 antisera will protect against endotoxins or live

bacteria belonging to the genera Escherchia, Salmonella, Klebsiella, Serratia,

Pseudomonas, and Haemophilus. In addition to treatment of bacteremia with

antiserum, we found that active immunization with J5 vaccine or passive

prophylaxis with J5 antiserum gave solid protection against subsequent

challenge with Pseudomonas in neutropenic rabbits. 12  This protection lasted

at least a month, and was as good as that provided by immunization with the

homologous Pseudomonas vaccine. It is especially noteworthy that a vaccine

composed of E. coli 0111 (the parent strain of the J5 mutant) did not generate

protective antibody against Pseudomonas and other heterologous Gram-negative
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bacteria. In other words, the protection observed required loss of "0"

antiqenic chains, so that the core would be exposed to stimulate antibody to

this common antigenic region of LPS.

These successful results in experimental animals nave been reproduced in - ..

patients who were treated with human J5 antiserum. For the past 7 years we

have conducted a double-blind trial of human J5 antiserum in over 300 patients

with a clinical diagnosis of Gram-negative bacteremia. The human antiserum

was obtained from young men who were vaccinated with subcutaneous injections

of 5 x 109 killed J5 cells. Among the 304 patients who received 3 ml/kg of

either J5 antiserum or preimmune control serum intravenously soon after the

onset of illness, a diagnosis of Gram-negative bacteremia was made in 212

(70%). The death rate from Gram-negative bacteremia was lowered from 42/1C9

(39%) in controls to 23/103 (22%) in those given J5 antiserum (P = 0.011). Of

those in profound septic shock, 22/39 (56%) of the J5 group recovered from

shock, in contrast to 11/38 (29%) among the controls (P = 0.015). The control

group and the antiserum group were almost identical in age, sex, race,

incidence of neutropenia, severity of underlying disease, granulocyte

transfusions, and use of high-dose steroids. In view of this ability of anti-

serum to core LPS to lower the death rate from Gram-negative bacteremia and

septic shock, this human antitoxin against LPS should be considered part of

the standard treatment of Gram-negative bacteremia.
14

MATERIALS AND METHODS

J5 globulin was extracted from human J5 antiserum as whole gamma globulin

containing iqM, IgG, and IgA fractions. The human J5 antiserum was prepared

by immunizing healthy men with J5 vaccine.

J5 vaccine was made from s ationary-phase E. coli J5 bacterial cells in

18-hour trypticase soy broth cultures. The cells were removed by centrifu-

gation, washed three times in sterile 0.15 M sodium chloride, and boiled for

2.5 hours; the conc-ntration was adjusted spectrophotometrically to 5 x 109

bacteria per millimeter (22% light transmission at 610 um). Phenol was added

to a final concenLration of 0.5 g per deciliter, and the vaccine was bottled
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in 20-ml quantities. The vaccine was checked for sterility and for safety by

testing in mice and guinea pigs, in accordance with the regulations of the

Bureau of Biologics. Intravenous immunization of rabbits with the vaccine

produced J5 lipopolysaccharide antibody titers of 1:512 to 1:2000 as measured

by passive hemagqlutination.

Human antiserum was prepared in healthy heterosexual male volunteers, 18

to 35 years old, who were enqaged as policemen, firemen, and university

students. They were screened for past illnesses, allergies, chronic

medication, and given complete physical and laboratory examinations, which

included serum hepatitis B antigen tests, hematocrits, VORL, complete blood

counts, urinalysis, and serum aspartate-aminotransferase levels. Then 500 ml

of nonimmune blood was collected from each subject before vaccination to

provide control serum for nonimmune gamma globulin. Six weeks later, they

were immunized subcutaneously with two 1-ml injections of J5 vaccine simul-

taneously in three separate sites and with two additional 1-ml injections 48

hours later. This schedule was chosen after exploring a number of others

because it proved to be the simolest way of quickly inducing high antibody

titers. Antiserum was collected at the peak of the antibody response, 2 weeks

after the first injections. The mean serum titer against J5 LPS showed a rise

over fivefold in vaccinated subjects, with the peak reaching 1:64 from a pre-

immune peak of 1:8, as measured by passive hemagglutination.

Gamma globulin was prepared by ammonium sulfate fractionation of the

proteins in human J5 antiserum. Each unit (500 ml) of blood was collected

aseptically, 2 weeks after the first injection of J5 vaccine, into a plastic

blood pack without anticoagulant (Fenwal Laboratories, Deerfield, Illinois),

allowed to clot at 25°C for 2 hours, and stored at 4°C overniaht. The serum

was separated, spun free of erythrocytes, and the amount obtained from four

donors was pooled. Ammonium sulfate was dissolved by heating 770 g/liter of

distilled water. The hot solution was filtered through Whatman No. I paper

and cooled, and the pH adjusted to 7.2 with concentrated NaOH,. Cold saturated
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(NH4)2So4 was added drop by drop to an equal volume of serum at 4°C to give

50% (N1!2)2So4, dissolved in phosphate-buffered saline (pH 7.0), and brought to

one half of the original volume of serum. The precipitation and washing were

repeated twice, and the S04= ions were removed by dialysis against PBS. The

complete procedure was done at 4°C with sterile nonpyrogenic equipment. An

aliquot from each gamma globulin pool was checked for sterility and for

freedom from pyrogenicity by intravenous inoculation of 3 ml into each of

three rabbits.

Safety of the J5 human gamma globulin was measured by injecting 10.0 ml

IV in albino rabbits, 1-2 kg, and observing them for the develooment of fever

and for a drop in serum complement levels. Fever was measured rectally with a

thermistat probe at hourly intervals for 3 hours before injection and at 15

min, 30 min, and hourly intervals for 6 hours after. Complement levels were

measured in blood drawn from the ear artery 30 min before, and 20 and 40 min

after intravenous injection of 10 ml J5 human gamma globulin. The complement

levels and pyrogen response were not determined in the same rabbits. Fifty

percent hemolytic units of complement were measured by the method of Osler,

Strauss, and Mayer. Anticomplementary activity was also determined by the

addition of J5 human gamma globulin to fresh normal human serum. Three parts

of human gamma globulin were mixed with 7 parts of human serum (i.e., in a

proportion in excess of that anticipated in the circulation immediately after
injection) and incubated for 1 hour at 370C. Complement levels were compared

in these test samples with those in controls composed of 7 parts of the same

human serum mixed with 3 parts sterile normal saline instead of J5 human gamma

globulin.

Potency of the human J5 gamma globulin was measured by its ability to

protect mice from endotoxemia and neutropenic rabbits from Gram-negative

bacteremia. Four qrouos of 6 mice were each given 1.0 ml J5 human gamma

qlobulin intravenously and challenged 24 hours later with four graded doses of

IV endotoxin prepared from E. coli 0111 64. The L050 in those given J5 human

gamma globulin was compared in controls given gamma globulin prepared from the
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corresponding nonimmune human sera ohtained before vaccination from the same

subjects who donated J5 antiserum for the J5 human gamma globulin. Efficacy

of J5 human gamma globulin is indicated by significant protection of mice

(i.e., rise in LD50) againstE. coli endotoxin.

I .4

Neutropenia was produced in white New Zealand rabbits by injecting 3

mg/kg nitrogen mustard IV. Seventy-two hours later, when neutropenia was

profound, the conjunctival sac was-inoculated with 10 Pseudomonas aeruginosa.

The therapeutic potency was examined by giving 10 ml of a 1% solution of J5

human gamma globulin IV 24 hours after bacterial inoculation when the animals

had already developed fever and bacteremia. The mortality rate in these

animals was co,,,pared to t,.at in controls given IV the same dose of nonimmune

gamma globulin prepared from serum obtained before vaccination from donors of

J5 gamma globulin. The efficacy of J5 gamma qlobulin was measured by its

ability to prevent deaths in bacteremic rabbits, and the significance of pro-

tection of treated over controls was established by the chi square technique.

RESULTS

General Properties of J5 Gamma Globulin (Intravenous)

The product obtained by NH4SO4 fractionation produced a clear, slightly

opalescent, stable solution in sterile saline (0.85% NaCl) in concentrations

up to 16%. The solution was stable for at least 6 weeks of storage (40C) with

no precipitation or sedimentation of protein. The imr.unoglobulin solution was

sterile and produced no fever in rabbits, when 10.0 ml of 0.1% solution was

injected intravenously. Rabbits and mice given 1% solutions of the J5 gamma

globulin exhibited no signs of sickness in contrast to those receiving whole

human serum. Whole human serum caused weakness, ruffled fur, diarrhea,

tachypnea, and transient paresis.
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The concentration (mg/dl) of each immunoglobulin was IgG 593, IgM 95, and

IgA 121, as measured by rate nephelometry in a Beckman immunochemistry system.

Anticomplementary Activity In Vitro

I

A 1% solution of J5 gamma globulin, prepared from a pool of four donors,

was stored for 5-1/2 weeks at 40C and then examined for anticomplementary

activity by mixing 0.3 ml of the gamma globulin with 0.7 ml of fresh human

serum. After incubation of thie mixture for 1 hour at 37°C, the complement

levels were determined and compared to those in, aliquots of the same serum E

with equal amounts of either 0.85% sterile non-pyrogenic NaCl solution or a

commercial preparation of intravenous human immunoglohulin G (Gamimmune,

Cutter Biologicals). In all three preparations the complement- levels after 1

hour incubation was 56.3 Ch50 units/ml, i.e., there was no anticomplementary

activity in either gamma globulin preparation,. Since J5 gamma globulin had

been stored for 5-1/2 weeks, the results indicate that anticomplementary

aggregates do not form in storage.

Anticomplementary Activity In Vivo

This was determined in 3-kg albino rabbits by measuring complement levels

in blood drawn before and after intravenous injection of 10 ml of a 1%

solution of J5 human gamma globulin prepared from a four-donor pool. Before

injection of gamma globulin, 5 ml of blood was drawn from the median artery of

the rabbit ear, and again at 20 and 40 minutes after the gamma globulin

injection. The blood samples were immediately placed on ice to preserve

complement levels, and serum was separated after clotting by centrifugation in

the cold. Control rabbits received intravenous injections of 10.0 ml of non-

pyrogenic sterile ohysiologic saline (0.85% NaCl solution). Table I shows

that the J5 gamma globulin was not anticomplementary in vivo because the

changes in complement levels in the rabbits given J5 gamma globulin were not

significantly different from the controls.
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TABLE 1. COMPLEMENT LEVELS IN RABBITS AFTER IV
INJECTIONS OF 10 ML JS HUMAN GAMMA GLOBULINS (J5GG)

Time After
Rabbit IV Injection Injection* CH50  % Change

1 Saline 0 20.9
20 19.6 -6.2

2 Saline 0 20.1
20 18.5 -7.97
40 16.4 -11.2

3 JSGG 0 18.6 0
20 17.7 -4.8

4 J5GG 0 20.1
20 18.1 -9.9
40 16.7 -7.7

5 J5GG 0 19.4
20 18.6 -4.1
40 17.2 -7.5

6 J5GG 0 19.1
20 18.6 -2.6

*Minutes

Protective Prooerties of J5 Gamma Globulin Against Endotoxin

Prevention of death from endotoxin in mice

Twenty-four hours after receiving 1.0 ml J5 human gamma globulin (1%)

intravenously, 42-day-old female CF1 mice were challenged with graded doses of

E. coli 0111 endotoxin, as indicated in Table 2. Control mice received

preimmune gamma globulin taken from the same donors before J5 vaccination. As

noted in Table 2, the J5 immune globulin gave marked protection, so that the

amount of endotoxin required to kill 50% of the animals rose from 115 ug to

273 pg (P < .01 by chi squares; with Yates correction P < .02).

3
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TABLE 2. PROTECTION OF NICE WITH IV HUMAN J5
GAMMA GLOBULIN AGAINST FATAL EROOTOXEMIA

Deaths/Total at 72 Hr

Preimmune J5 Immune
Dose of LPS* (pg) Gamma Globulin Gamma Globulin

500 6/6 6/6

250 7/7 3/7

125 4/7 0/7

62.5 0/6 0/6

Total 17/26 9/26

LDso** 115.g 273ug

• E. coli 0111 lipopolysaccharide
•* P .01; with Yates correction = .02

Prevention of death from Gram-negative bacteremia

Human J5 immune gamma globulin was given intravenously in a dose of 10 ml

to each of 14 neutropenic rabbits with bacteremia due to Pseudomonas

aeruginosa. A group of 14 control neutropenic rabbits with P. Aeruginosa

bacteremia each received 10 ml IV of preimmune gamma globulin. As shown in

Table 3, the J5 immune human gamma globulin cut the mortality rate from 86% to

21% (P = .001).

TABLE 3. PROTECTION AGAINST LETHAL PSEUDONONAS BACTEREMIA
IN NEUTROPENIC RAB3ITS TREATED WITH INTRAVENOUS _

J5 HtUAN IMMUNE GLOBULIN

Type of Immunoqlobulin HA Titer* Mortality**

Preimmune 8 12/14 (86%)

J5 Postimmune 32 3/14 (21%)

• Reciproc3l of passive hemagqlutination titer against

erythrocytes sensitized with JF lipopolysaccharide
•* P .001 (Chi square)
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DISCUSSION

These studies indicate that intravenous human J5 gamma globulin is

effective gainst endotoxemia and bacteremia, that it is not anticomplementary

in vitro or in vivo, and that it has no side effects in experimental animals.

This preparation differs from other preparations of intravenous gamma globulin

in its preparation and content. Other preparations have been prepared mainly

by alcohol fractionation of pooled human plasma (fraction II), and consists

essentially of IgG. Our preparation is prepared by ammonium sulfate fraction-

ation of serum, and contains both IgG and IgM as well as IgA. 'Since IgG and

IgM can each protect against endotoxemia, and since IgM appears to be

essential for protection against bacteremia, we chose to prepare a complete

immunoglobulin containing both fractions.
0

In the past, serious untoward reactions (e.g., "anaphylactoid

complications) from immunoglobulin preparations have occurred after

intravenous injections of products containing IgG and almost exclusively in

agamma-globulinemic patients.15 In oatients having no immunoglobulin

deficiency, these IgG preparations have been infused intravenously without un-
16toward reactions. Since the 15 human intravenous gamma globulin is intended

for treatment of bacteremia in patients who are not deficient it
immunoglobulins, it is unlikely that the mechanism responsible for such F

reactions would operate in recipients of the J5 immunoglobulin. In addition,

the presence of lgM along with IgG may also help avoid reactions to IgG alone.

At least this was the case in experimental animals given J5 human immuno-

globulin intravenously. The freedom from anticomplementary effects both in

vitro and in vivo seem to iive some assurance that complement activation in

patients may not be a problem. The absence of any discernible untoward

reactions in mice or rabbits given large doses of J5 human immunoglobulin was

in striking contrast to the marked toxicity of serum or olasma in these

animals, which encourages us to anticipate that this gamma globulin _. e

preparation will be well tolerated intravenously in patients. If so, it

should be a useful product for treating Gram-negative bacteremia, because it

is highly effective against experimental endotoxemia and bacteremia.
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The main concern in its preoaration is the risk of hepatitis. The use of

large pools containing iimunoglobulins from multiple donors assures adequate

levels of protective antibody against hepatitis viruses, so that conventional

gamma globulin does not transmit hepatitis. The use of large pools of serum

for preparing J5 gamma globulin might provide similar assurance against that

risk.
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DISCUSSION4 PERIOD WITH DR. BRAUDE

DR. SANTOS: Can you tell me how these patients were treated in terms

of what antibiotics were used? tip have had a number of Grarn-negative sepsis

cases which we can treat relatively well with antibiotics. I would like to

know what were they treated with and how soon?

OP. BRAUDE: I eft out the slide showing the appropriateness of the

antibirtic therapy. But they are extremely well-maskpd in this rpspect.

Secondly, it is true that patients who are not deathly ill from Gram-negativo

bacteremia will do very well with antibiotics.

376



S.- ."- " "/

I would like to emphasize the fact that we picked the cases that

looked like they were going to die in spite of antibiotics for this study. We

did not take urosepsis, for example, because those patients have an extremely

high survival rate.

DR. SANTOS: Presumably they were on the appropriate antibiotic when

you tried.

DR. BRAUDE: Yes.
0S

DR. SAhTOS: And had been on it and were failing.

DR. BRAUDE: Right.
0

DR. McCABE: Abe, you choose to term this anti-endotoxic.

DR. BRAUDE: Yes.

DP. McCABE: Yet, as I recall, i, both agree that the administration

of antisera to the core LPS enhances intravascular clearance of bacteria. If

you add it to an in vitro system, sr-ral people have shown it opsonizes

bacteria. If you use the granulocytoperic model you decrease the frequency of

bacteremia. Why then do you say anti-entotoxic rather than antibacterial?

DR. BRAUDE: Mainly because it has much more spectacular effects in

blocking th? toxic activity than in clearance. Secondly, to emphasize my

prejudice and favor of endotoxin being important in the pathogenesis of - .

Gram-negative bacteremia. Put you are right, it also has antibacterial

properties as well.

DP. MURAN'O: Could you tell us a little more about the storage ...... S

period. How long have you locked at this material?

DR. BRAUDE: The studies which I showed today were on preparations

that had been stored in the cold for six weeks. ___.
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OP. UJRANO: And you did not observe any poly-erization.
I 0

DR. BRAUDE: Mo.

nP. MURANO: Degradation? -

DR. BRAUDE: No.

UNKNOWN: Regarding the issue of IgM versus IG as the protective

antibody in your J5 antiserum, did you ever make an effort to separete IgM and £

IgG in the rabbit antisera and then quantitatively compare those two antibodies

for their ability to protect?

DR. BRAUDE: Yes. We have done this four times to convince ourselves

of it. Each time we find that we can oet even higher aro-nts of IgG antibody

than we have 104 in a given serum. But the 1gM only is protective against

bacteremia and the IgG is not.

Now the same is not true of protection against the toxin. We cn gt ..

antitoxin effects, protection against the Shwartzman reaction with IgG. I was

thinking about some of the things Dr. McCabe mzde me say about why I called it

an antitoxin and I would like to supplement those ,'emarks as follows.

The reaSOn why I think we were more impressed with its artitoxic

properties is that we had difficulty demonstrating opsonization ir vitro with

large numbers of different soecies of orqanisms, even though we were getting

good clearance in vivo. There is no question about the fact that clearance in

vivo is a lot more impressive with JS antibody than opsonization in vitro.

I feel that we can best explain the difference on the basis of the

antitoxic properties of J5 antibody, namely by preventing shock and circulatory _

disturbances, particularly with respect to liver blood flow durin endotoxic

shock. If we prevent the short circuiting of the liver perhaps the clearance

of these organisms by the reticuloendothelial system and the Kupffer cells

would be increased..
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DR. McCABE: In our experience with the RE mutant we have not been

able to show it to be a very strono opsonizing agent in vitro. The reports

that were done with this were done with dead bacteria and ch~moluminescence,

not with whether live bacteria were ingested and killed.

going 'n . e second point you made, if we do bacterial DO5's with

Klebsiella pneumoniac, w% can increase the LD5O of the numbers of organisms

reauired to kill by 100-folo but we can rarely increase the LD50 of endotoxin

by more than four or fivefold.

DR. SANTOS: I am led to bPlieve that a hyperimrune serum in a human

would not be as useful as a primary immunization because of the 19S antibcdy.

Ordinarily I would think you would have 19S and 7S. One should consider that

a vaccine may be better. If they had been immunized and you oave them a

booster, maybe most of this is 7S. Could you comment?

DR. FRAUDE: I think very little is to be gained with a booster.
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INI"R(WDCT"ION "

Despite major advances in medicine and biotechnology, about 12,000 persons

within the civilian community of the United States die annually from, thermal

burns, while about 300,000 suffer severe burns. 1  The incidence and the

severity of burns sustained in combat situations have increased significantly

since World War IT as the result of the development and changes in weapon -

systems used.1  For example, during World War 11, 0.7 percent of casualties in

the Russian Army was due to burns; in 1965, burn casualties reached 2 per cent

in the North Vietnamese Army and later rose to 12 perr.nt. In the 1973

Israeli-Egyptian conflict, the burn casualty rate for Israeli tank personnel

was 9.3 percent. In addition to the trauma caused by the burn itself, a severe

burn injury causes suppression in the function of the victim's immunological

defenses so that patients are extrtrmely susceptible to bacterial end fungal

infections. 2  One of the organisms most frequently encountered by burn victims
is Pseudomonas aeruginosa. During the recent Middle East conflict in Lebanon
(1982), it was estimated that about 15 percent of the casualties in the Israeli
Army were burn victims and that the most common in(c.tion encountered was

caused by P. aeruginosa (I. Brook, personal communication).

The difficulty and ethical problems involvwd in studyirg patients with

lifp-threatening infections has made it necessary to conduct evaluaticns of

therapeutic approaches and the course of infections in a rumber of %nirmal

.x)dpI s Thpse models deal with particular diseases. nicrooranisr's, or
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aspects of a given organism. Frequently, however, the trauma of the

experimental burn or mechanical injury contributes significantly to the death

of the animal, thus making difficult the evaluation of the parameters being

studied difficult. In this report, we describe a nonlethal bur- in the mouse

model, which mimics the human clinical situation, and has been, used -

extensively in studying P. aeruginosa virulence factors and various

experiiental P. aeruginosa vaccine preparations .')3" - "

EXPERIMENTAL BUR4 TRAUMA

Common laboratory animals are highly resistant to P. aeruginosa

infections. To overcome this resistance and successfully initiate an,

experimental infection, investigators have taken a variety of special, steps.

Theso include use of unrealistically high 4s:.s of bacteria, addition of

virulenze-enhancing factors such as, mucin to the inoculum, or pretreatment of

experimental animals with cytostatic drugs such as cyclophosphamide. It is

obvious, of course, that such models do not fully reflect the clinical

situation and are of minimum clinical relevance. However, the burned mouse

model we have used overcomes these problems.

In our model, the backs of mice (18-20 g) of either sex were shaved, and

the mice were anesthetized with methoxyflurane or similar anesthetics such as

halothane or enflurane. Under the conditions used in our lahoratory, we found

that halothane was associated with a higher mortality than methoxyflurane and
that mice anesthetized with enflurane had a tendency to recover during the

trauma. A template with a 2.5 by 2.5 cm opening (corresponding approximately

to 15 per- cent of the total body surface) was then plati on the shaved area -

of the anesthetized mouse, covered with 0.5 ml 95-percent ethanol, and ignited

for 10 sec. Immediately following the trauma, 0.5 ml of a bacterial

suspension, at the desired concentration, was injected subcutaneously into the

burned area. Control animals received an equivalent volume of buffered saline.

The burn injury alone was not lethal. Thercontrol non-infected mice recovered

from the trauma within I to 2 hours,
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H ISTOPATHOLOGY 0 0

The white blood cell (WBC) count of the traumatized non-infected mice did

not differ significantly from that seen in the normal untreated mice (Table
1)7. Traumatized infected mice (1 L050 ), between 22-28 hr post-infection,

had a significant decrease in the WBC count. At 48 hr post-infection, most of

the surviving mice recovered normal WBC count; few mice remained leukopenic up

to 72 hr post-infection.

TABLE 1. LELKOCYTE LEVELS IN BI'RNED INFECTED NICEa * .

HOURS POST- LEUKOCYT§ CONT + SD b
INFECTION (10 /mm -

Control-not
traumatized 5.3 ± 1.4

3 5.7 ± 1.8 0.05
6 7.4 ± 1.9 0.05 - 0.02
12 5.0 ± 1.0 0.05
22 2.1 ± 0.8 0.001
28 1.7 ± 0.8 0.001
48 4.8 ± 1.8 0.05
72 4.5 ± 1.8 0.05,

aWretlind and Pavlovskis (1983)
bStudent's t test, 6-8 mice per group

Histologic examination of skin sections from the burn area at various

times post-trauma showed that the trauma was consistent with a full thickness

or a third-degree burn injury (Fig. 1).6  Changes noted included increasr:d

basophilie of epidermal cells, marked pyknosis cf nuclei, and sloughing of 4.he .

epidermis. The dermal collagen bundles had a homogenous coagulated appearance

instead of their normal fibrillar character. An abrupt transition from

necrotic to normal viable skin was usually seen at the periphery of the

thermal injury. At 48 hr oost-trauma, acute inflammatory infiltrates were _

present in both subcutaneous and deep dermal areas. This was more pronounced

in the infected mice than the traumatized nor-infected mice. No histologic

differences were seen in abdomiral organs taken from normal untreated mice and

compared to those taken from traumatized non-irfected mice. 5-
6
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EXPRIMENTAL INFECTIONS -

500The LD50 of both normal infected mice and traumatized infected mice are--.

given in Table 2. A significant increase in susceptibility to P. aeruainosa

is seen in traumatized mice as compared to the untreated mice. At least a.

three loglo difference was denonstrated. With some strains of Pseudomonas,

less than 10 organisms were required' to initiate an infection. This increased

susceptibility of burned mice to P. aeruginosa appears to be specific for

Pseudomonas since it was not seen when other bacteria were used to infect the
4mice (Table 2). The increased susceptibility seen immediately after burning

decreases between 8-18 hr post-trauma and does not appear to be dependent on

the route of infection.4  After 20 hr post-infection, P. aeruginosa was

isolated from every organ examined (kidney, liver, spleen, lung, heart) as well

as blood.
4 -6

TABLE 2. THE MEAN LETHAL DOSE OF NORMAL AND BURNED MICE INJFECTEO
SUBCUTANEOUSLY WITH BACTERIA

ORGANISMS REFERENCE MOUSE STRAIN MEAN LETHAL DOSE (CFU)a LOG10

NORMAL MICE TRAUMATIZED MICE

P. aeruginosa (PA 86) 5 NIH/NMRI CV 6.40 3.36
P. aeruginosa (PA 103) 5 NIH/NMRI CV 6.26 3.08
P. aeruginosa (PA 220) 5 NIH/NMRI CV 4.15 1.00
P. aeruginosa (M-2) 4 CF1 6.11 1.00
T. aeruginosa (UM) 4 CF1 6.04 1.00 -

E. coli 4 CF1 8.18 7.18
KleFsiella species 4 CF1 7.96 8.08
S. aureus 4 CF1 8.26 8.26
T. a-TEcans 4 CF1 6.67 6.67

aColony-forming units

A similar model using the laboratory rat has been developed by Walker et

al. 18  Instead of using an alcohol flame, these authors placed the anesthetized

rat in a fixed-area shield with a 5 cm X 7 cm opening (approximately 20 per-

cent of the total body surface), and the shaved dorsum was immersed in a
boilino water bath for 10 sec. The trauma resulted in a full-thickness burn

and histologic changes similar to those seen in the burned mouse. 2  The

increased susceptibility to lethal infection, as in our model, decreased after
19

8 hr post-trauma.
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Fig. 1: Photomicrograph of murine skin section from burned, non-infected area
at 24 hrs. Note the full-thickness burn (right) with loss of epidermis and .
coagulation necrosis throughout the underlying area. Scattered neutrophils
have begun to enter the deep layers of tissue.

Both the mouse and the rat model appear suitable to study (with minimal

discomfort to the experimental animal) the role of various P. aeruginosa

factors in virulence as well as to evaluate the usefulness of vaccines,

antibiotics, and other means of prophylaxis and treatment of pseudomonas

infections.

PROPHYLAXIS OF EXPERIMENTAL BURN INFECTIONS

Previous studies have shown that P. aeruginosa exotoxin A is an important

virulence factor in pseudomonas infections. We have examined the efficacy' of

several exotoxin A toxoid preparations as well as passive protection with
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mouse monoclonal antibodies against experimental P. aeruginosa infections in _________

the burned mouse model.. Exotoxin A toxoids were prepared by either formalin 0

or glutaraldehyde treatment. Mice were immunized with the different

toxoid preparations together with the synthetic adjuvant N-acetylmuramyl-L-

alany-l-0-isoglutamine. Immunization with three or four doses of the formalin

toxoid resulted in a significant rise in antitoxin titers. A significant

increase in survival time and rate (50 to 80 percent of the animals survived

f. _4

Fi.2 htmcorp o esi eto fro bund ine t are at

.. 7 ~.

~ h

Fig. 2: Photomicrograph of murine skin section from burned, infected area at .i •

48 hrs. Note the full-thickness burn with marked coagulation necrosis and loss
of epidermis with extensive infiltration of neutrophils in subcutaneous and
deep dermal areas 'lower right).
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permanently) of these immunized mice was observed following infection with P.

aeruginosa. Virtually 100 percent survival was obtained when preinfection 0
immunization was combined with a single dose of gentamicin treatment (Fig. 3).

In addition, the immunized mice required a higher infective dose than control

groups. 
15

We have also examined the 'protective effect o. intraperitoneally

administered mouse monoclonal antibodies against exotoxin A.2 0  Preliminary
results with one of the three antibody preparations tested indicated that the

-J 80.

60-

00
\0

_20
0 ~

20 40 60 80 100 120 140 160

HOURS POST- INFECTION

Fig. 3: Survival of burned, infected mice immunized with formalin toxoid (---)
or formalin-treated bovine serum albumin (-) and treated with gentamicin
(A, o) or not treated ( A , o). From Pavlovskis ot al. (1981), reprinted by
permission of the American Society for Microbiology.
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Fig. 4: Survival of burned, infected mice treated with mouse monoclonal
antibodies (antitoxin) (A) or fetal calf serum (o).

survival time and the number of mice surviving the infection were increased in

the group treated with the monoclonal antibody (Fig. 4). Such passive

protection may be particularly important in patients who have not been

previously immunized or who have lost their immunity as a consequence of

trauma.

Most experimental models used to study pseudomonas pathogenicity are

inadequate substitutes for clinical infections, since unrealistically large _

doses of organisms, virulence-enhancing factors, or cytostatic drugs must be
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used to initiate and/or maintain the infection. Moreover, severely traumatized

animals are difficult to use since the injury often contributes to their death.

In the model we have used, a burn is inflicted and infection is reproducibly
produced by a small inoculum of bacteria. Another important factor that should

be considered in selecting the proper model is the length

of the infection. In our experiments with untreated infected animals, 0

septicemia occurred around 20 hr post-i nfection and death resulted in 40 to 72

hr. This dllowed sufficient time to evaluate various treatments and their

effect on the course of the infection. Finally, by changing either the size

of the trauma or the time between injury and infection, the infective dose or . ,

the survival time can be changed to meet the requirements of a given experiment.
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DISCUSSION PERIOD WIMh DR. P"'iLOVSKIS

UNKNOWN: How does type-specific immunization compare: with

immunization against toxin?

DR. PAVLOVSKIS: Survival, following immunization with rabbit

antitoxin, appears to be dependent on the products produced by the organism

rather than the serotype. For example, strain 220, which produces both toxin

and large amounts of protease, gave the poorest resijlts. Although the

antlt.xin neutralized the toxin, the protease was causing other effects. In

other words, if an organism produces excessive amounts of protea.se, we usually -

do not obtain good protection, with polyclonal antitoxin. This suggests, of

course, that there are other virulence factors involved besides exotoxin..

Similar results are obtair._d when mice are immunized withtoxoid. The

degree of protection depends on the size of the inoculum and the products of

the organism. We have not noticed any differences in survival with respect to

different serotypes of the organism.
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INTROCWTION

Systemic sepsis continues to be the most difficult management problem in

caring for the combat casualty. The complications of sepsis pervades all

areas of injury to the man in the field, whether it is mechanical (missiles),

thermal (burns), chemica;, bioloii:al, or radiation injury. With the advent

of tactical nuclear weapons, the prublom of sepsis will be much higher in

future wars than has previously been experienced throughout the world.

In Vietnam, 50% of the deaths that occurred aft( - the patient arrived at
the hospital were r:lated to head injuries. 1  The next largest group of deaths

occurred as complications of hypovolemic shock. That is, these patients

arrived at the hospits) alive; they were resuscitated and surgically treated.

bu%. they then died with -tultiple organ failure. Of those that died, 38% were

attributed to hypovolemlc shock. Severe systemic s sis was the cause of

d td i only 11% of patients who arrived alive it 1,e hospital. One could 9

state that 11% is not a largt group of oatients; however, this may be the

group with the greatest potential of signific±ntly improving. The logic is as

follows: (a) Patients arrive with severe -iad injuries. They are surgically

managed, but 50% of the deaths that occur usually are related to the degree cf

brain injuries. (b) For casualties who die from hemorrhagic shcck, most of

the available resources are relegated to the care of these patients.

Unfortunately, patients i- this group have severe blood loss and significant

tissue hypoxia; upon -rrival. they can be resuscitated and surgically treated,

but they have a downhill course, with multiple orqan failure. (c) A sutset

of this population are those wh., ,+ t ' .-, -epsit. Unless the patients are
adequately cared for with appropriate antibiotics to sterilize the bloodstream

and aggressive surgical treatment to debride necrotic tissue l.od arain

abscesses, the pstients die. Seosi. r Important not only in the military,
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but also in the civilian traum., and intensive care units, where it continues

to be an increasing problem. The incidence of sepsis, even In the best of

hospitals, is 1% in all acute hospital admissions. In the U.S. alone, there

are approx;mately 200,000-400,000 septic deaths annually.

What is the problem? A major impact in sepsis is the overuse or abuse of

antibiotics. Bacteria have a biochemical laboratory that outpaces the

development of new antibiotics by pharmaceutical producers. Antibiotics for

specific short-term use is critical; however, for prolonged sepsis, they may
be ineffective. The technological advances in the early diagnosis of *
abscesses by computerized axial tomography (CAT SCAN) and ultrasound' improvt

the accuracy of the diagnosis of localized infection, and provide the

clinician a direction of treatment much earlier in the course than was

available 10 years ago. Obviously, the answer to these patients is not -

simple, and will require laboratory and clinical research to approach the

problem.

The purpose of this manuscript is (a) to review the data sugqestinq

pharmacological agents that may benefit the septic patient and (b) to

emphasize the adjunctive therapies that should be explored in clinical trials.

HISTORICAL PERSPECTIVE

Sepsis and septic shock have been identified clinically for four

decades.1  Patients are frequently cateqorized by circulatory state, either

hyperdynamic or hypodynamic. Patients in the hyperdynamic state appear to

have the most favorable prognosis. The clinicAl characterization of the

septic oatient is becoming more refined; however, the complexity of the data

makes it difficult to know how best to manaoe the patient. The diffuse

effects of seosis suqgest that many homeostatic mechanisms are out of control,

therefore precluding meaninqful information from current studies. 9

Circulatory dysfunction is an oarly siqn in seosis, and many vasoartive,

Agents appear to participate. These include histamine,7,3  5-hydroxv-

tryptamine, 4 angiotensin,S epinephrirne and norepinerhrine,6 Csa, 7 endorphins.8
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endorphlns, 8 prostaglandins,9  and kinins.10  Attemts have been made to

utilize antagonists to these vasoactive agents; however, many of the results

indicate only transient benefits or even exacerbations of the injury.

Antihistamines, alpha and beta blockers, and serotonin inhibitors have not

demonstrated sufficiently Improved benefits to merit further elaboration.

However, the putative role of the prostaglandins, the endorphins, and

complement are undergoing intensive investigation, and should be discussed.

The Inhibitors for these humoral mediators may provide adjunctive therapy in

treatment of severe systemic sepsis.

PROSTMAN INS

The arachidonic acid-prostaglandin system consists of potent biologically

active fatty acids that participate in inflammation, burns, hlypertension, •

peptic ulcer disease,- diarrhea, vasomotor regulation, platelet functioi,

qynecoloqical disorders, allergic .reactions, fever, and shock-like states. 11

The discovery that non-steroidal anti-inflammatory drugs (NSAID) inhibit

prostaglandin synthesis 12 set the stage for credible scientific endeavors in - 9

this field.

Northover and Subramanian were the first to utilize NSAID in experimental

shock states. The initial studies were done on circulatory function and

survival. 13  Plasma prostaglandin levels are increased in many species that

have been subjected to endotoxemia, including the subhuman Drimate.9,14-20

Early studies were done by assaying the prostaglandins at arbitrary timed

intervals rather than at times in which circulatory events were changinq. In

addition, the similarity in the stress from one laboratory to another was

unknown. Following the early studies, the relationship of prostaglandins to

the pathophysiology of endotoxin shock was no, clear.

Since these initial studies, a number of investigations have shown that

shortly after the injection of endotoxin (LD5O concentrations), ,)lasma prost-

aglandin concentrations increase in mixed venous and arterial bl.od.9, 16 These

studies indicate the association between the mexed venous orostaqlandin levels

and the increase in pulmonary artery pressures.14%17,18  In cotrast to the - 9K
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early studies that demonstrated that the PGE's and PGF's were the important .

prostaglandins released, the present understandinj is that while the PGE's and

PGF's are released, thromboxane and prostacyclin constitute the largest

percentage of end products of arachidonic acid metabolites and are more likely

to participate in the pathophysiological events in endotoxemia and sepsis than

the PGE's and PGF's.20 -26

Thromboxane and prostacyclin have received the most interest recently;

therefore, additional information is worthwhile, especially because specific

thrumboxane synthesis inhibitors are now being utilized. Bult et al. were .0

first to report that prostacyclin was present in endotoxemia. 20  Harris and

co-workers showed a similar time course of an early increase in thromboxane

and a more prolonged rise in primate endotoxemia. 25  In rat endotoxemia, Cook

et al. demonstrated early and late increases in both thromboxane and 0 _

prostacyclin, 23 ,26 and reported that a non-specific thromboxane inhibitor,

imidazole, does improve the survival. Casey et al., in a subhuman primate

endotoxin model, clearly demonstrated for the first time that a specific

thromboxane synthetase inhibitor prevents endotoxin-induced pulmonary artery

hypertension and effectively inhibits thromboxane oroduction, but fails to

improve survival. 2 2  In Gram-negative sepsis, thromboxane and prostacyclin are

increased similar to those seen in endotoxemia. In these studies, Imidazole

did not improve survival, even though it inhibited thromboxane synthesis. 27

These findings indicate that while thromboxane and prostacyclin participate in

the pathophysiology of endotoxemia and/or sepsis, the specific inhibition of

thromboxane does not improve the survival in either type of shock. The role

of prostacyclin in these entities is yet to be determined. interestinqly,

prostacyclin infusions have demonstrated improved survival in some forms of

shock. 27-29

The natural question is, "Does endotnxe,"a represent seosis or

septicemia?" Live E. coli infusions in baboons proot..e iJnificant increases ..

in plasma prostaalandin levels. 30  Animals with bacteriAl peritonitis show

increased plasma values of prostaglandins about the time blood rultures ate

positive for E. coli bacteria.? 5  Indeed, durinq Gram-neqative sepsis in man,

plasma prostaglandin levels are increased. 31,32  Other studies also docu,,wit nt
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in man that plasma prostaglandin values are increased and participate in the

pathophysiology of sepsis.
2 1

If the prostaglandins are present, what are their effects in endotoxemia,

endotoxin, and septic shock? Non-steroidal anti-inflammatory drugs have been S
utilized to elucidate the pathophysiological role that the prostaglandins may

have in sepsis. First, initial studies utilized pharmacological rather than

therapeutic concentrations of NSAID as pre-treatment. Unfortunately, there

were great differences between studies in doses and frequencies of NSAID

administered. 33-36  Pre-treatment with NSAID, however, showed a significant .

increase in survival and improved circulatory function, whereas post-treatment,

with NSAID in overwhelmingly lethal models failed to improve survival. 34,36

Subsequently, studies were completed in dogs and baboons in endotoxin shock

that demonstrated that NSAID, even when administered after shock occurred,

significantly improved survival. 2 7  NSAID pre-treatment of animals subjected

to Gram-,,egative periton'itis (without antibiotics) increased survival. When

antibiotics were administered in addition to the NSAID, survival was greater

than with antibiotics alone. 37  In addition to Gram-negative sepsis, NSAID are

reported to improve surviAal in A Grc;p 8 streptoccocal rat sepsis model. 38

Several prostaglandin effects have been implicated in endotoxemia or

sepsis: Prostaglandins (a) increase pulmonary artery pressure and decrease

systemic arterial pressure, 9,14 -20  (b) exaggerate the metabolic derange-

ments, 35,36,39-4 1 (c) enhance pulmonary dysfunction, 19 and (d) participate in

the inflammatory resoorse and in vascular permeability.42 ,43 The prosta-

glandins do not appear to alter the kinin system,10 serotonin or histamine 0
effects 4 1,44 or lysosomal enzyme release in endotoxemia. 17  The inhibition of

prostaqlandins does not alter the coagulation derangements,17,40  the

complement activation, 17 or the leukopenia or thrombocytopenia present in

endotoxemia or sepsis. 40  The documented benefits of prostaglandin inhibition

iri sepsis are the stabilization of cell membranes and the attenuation of

circulatory dysfunction. The exact mechanisms by which the prostaglandins

participate in the pathoohysiolcgy of seosis are still unknown; however, with

the development of specific inhibitors to other enzymes in the arachidonic
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acid cascade, more sophisticated and specific information will be forthcoming.

It is likely that the prostaglandins operate in the hormonal and neurochemical

milieu that homeostatically controls vascular smooth-muscle responses.

Inhibition of prostaglandins in sepsis demonstrates that (a)

prostaglandins participate in sepsis in animals and man through as-yet-

undefined mechanisms, (b) prostaglandin synthetase inhibitors (NSAID) improve

the survival in several animal models of sepsis even administered when bloed

cultures are positive or after shock has occurred, (c) circulatory function is

improved with NSAID, and (d) there is a large scientific data base that -

supports the use of these drugs in the study of carefully controlled clinical

trials.

ENDCGENOJS OPIATES (ENDORPHIME)

Over the past few years, evidence has accumulated that suggests that the

endorphine, participate in several shock-like states, including endotoxemia,

acute hemorrhsage, and spinal cord transection.44  Faden and Holaday first

postulated this hypothesis utilizing hypovolemic shock in rats.45 Others have

confirmed the original studies and extended the beneficial effects of opiate

antagonists to other soecies, including man.8 ,46-49  The site of action of the

endorphin antagonist is unknown, but central and peripheral areas have been

investigated.48,49

Beta endorphins,-one of the major endogenous opiates, are secreted from

the pituitary gland, and has been implicated as a cardiovascular depressant.50

Investigators are actively working to identify the dose-response relationship

in animal models to the parameters in sepsis and to evaluate the effects of

naloxone in patients in shock-like states.

It is certain that endorphins participate in stress states; however, the

future use of the opiate antagonists is yet to be deternined. Th! basic

information is accumulatini to suggest that these chemicals may he important

in the pathoDhysiology of sepsis.
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OTHER AREAS OF PHARMACOLOGICAL INTEREST IN SEPSIS

CALCIUM CHANNEL BLOCKERS

Intracellular calcium overload participates in tissue ischemia. 51  The

concept is that as ischemia progresses, acidosis increases, and membraneous

portions of the cell disrupt, allowing for a direct extracellular source for

calcium overload. It has been postulated that intracellular calcium overload

is a final common pathway for ischemia injury52 and therefore may be important

in the irreversible shock-like state. As yet no broad data base has been

established for the use of these agents in sepsis, but the ubiquitous nature

of calcium portends a therapeutic use of calcium entry blockers in the future.

ANTIBIOTICS

The concept that antibiotics may have a pharmacologic effect independent

of their bactericidal activity has been recognized only recently.

Interestingly, most of the observations have been with aminoglycosides. These

antibiotics influence peripheral cardiovascular control mechanisms, which may

include the inhibition of autonomic neurotransmission, vasodilation, reduction

in heart rate, and lowering of myocardial contractile state. Their effects

reflect reversible interactions of these drugs with excitable membranes. 53  A

recent review states that these antibiotics affect transmembrane influx of

calcium and that they may be similar to the calcium channel blockers mentioned

above. The authors believe that membrane calcium stores are reduced, and

therefore less calcium is available for intracellular distribution.54  The

oto- and nephotoxicity of these drugs could be related to a calcium antagonist

action. 55,56

The pharmacological effects of antibiotics may be harmful as well as

beneficial in the very ill patient. Consideration of these effects will be

required once this fascinating new area is explored.

Numerous other pharmacological agents with potential therapeutic value

include local anesthetics, especially lidocaine, opsonic proteins, ATP-M4 C12,

and hypertonic crystalloid solutions. Lidocaine improves survival in dog and
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baboon endotoxin shock. 39,57  Fibronectin enhances bacterial killing in

animals and man.58  ATP-MgCl2 solutions restore energy reserves in hypoxic

states and could potentially protect the cell from further damage. 59

Hypertonic crystalloid solutions may have pharmacological benefits in sepsis

that are yet unknown.

CONCLUSIONS

The pharmacological management of sepsis remains controversial. Most of
S

the drugs utilized clinically treat the symptoms of the disease, and are not

necessarily directed at fundamental mechanisms that are known to be present in

sepsis. A broad data base is emerging, indicating that NSAID should be used

in human clinical trials. Prostaglandins are sensitive indicators of cellular .

injury and may be a mediator for a number of vasoactive chemicals. Opiate 6

antagonists and calcium channel blockers require more in-depth data; however,

recent studies generate excitement for their potential use in the critically

ill patient. Pharmacologic effects of antibiotics, in concert with other

drugs, suggest an entirely new approach to the pharmacolog": treatment in •

sepsis. There is no doubt that new treatment modalitis or adjunctive

therapies must be utilized to alter the poor prognosis of severe sesls that

we have observed in the past 4 decades. K
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DISCUSSION PERIOD WITH DR. FLETCHER

DR. KAPLAN: Have there been any studies in humans as to whether or

not these same anti-inflammatories are effective in humans and, if so, in what

dose and administration? For instance, the only form of Indocin that I know is

oral. Can it be given systemically? I assume that it can. Is it available? I

DR. FLETCHER: First of all, there have been no human studies that I

know of that have been done with sepsis per se. There have been a number of

reported studies that have been done, along lines of immunoregulation or L .

immunosuppression, but not in sepsis per se.

You are quite correct that the nonsteroidal anti-inflammatory drugs

are not available for intravenous use at the present time, except for

ibuprophen, or Motrin as most of us know it, which is being utilized in

clinical studies on myocardial infarction right now.

I do think that it is time that clinical sepsis studies be done with

nonsteroidal anti-inflammvatory drugs.

DR. SANTOS: Have you studied ARDS in relation to this?

DR. FLETCHER: No sir, we have not.

DR. SANTOS: Has anybody?

DR. FLETCHER: Yes sir. Studies done at Yale demonstrate that early .

in acute events prostaglandins are elevated. They participate in both

pulmonary vascular events and vascular permeability. There have not been any

studies in patients though. There does appear to be a dose response

relationship to ARDS and the arachidonic acid prostaglardin system.
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INTRODUCTION

With the advent of antibiotics, many people felt that wound infections

were no longer going to be a serious problem in the battle casualty. First, I

hope to dispel the perception that wound infections are not a major problem.

Second, I will provide my perception of the most appropriate means of pre-

venting wound infection. The answer to the prevention of wound infection in

combat casualties is debridement.

I will try to illustrate the lack of advancement in the prevention of

wound infection. Observations were made from 1942 through 1943 in five major

hospitals in the U.S. to evaluate the efficacy of sulfonamides in the pre-

vention of wound infection. 1  The prophylactic use of oral sulfadiazine and

the local application of a mixture of sulfadiazine and sulfanilamicke did not

decrease the incidence or severity of local infection or eliminate pathogenic

organisms. The occurrence of generalized invasive infection was diminished in

the treated group. There was a 6.4% incidence of infection in soft-tissue

wounds, twice that in compound fractures, and a fourfold increase in burns. 1

During the next 10 years, other antibiotics were introduced into clinical

practice in addition to sulfonamides. Among these were penicillin, tetra-

cycline, streptomycin, and chloramphenicol. These antibiotics were available

during the Korean conflict. The prevalence of wound infection was 26.5%. It

was standard practice in Korea that as soon as ao individual reached medical

attention, he received an injection of 600,000 units of penicillin. Despite

treatment. with penicillin, the prevalence of wound infection was exactly as

seen in 1942-43. There was no significant decrease in infection. There are,

unfortunately, no comparable data available from the experience in the Vietnam

War.
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The next conflict in wtz, reliable data are available is the 1973 Yom

Kippur War in the Middle East. The results t-.n two studies will be

presented. The first concerned a study of 624 patients.3  Infection at the

time of admission was 9%, and another 5% devoloped hospital-acquired infection

for an overall incidence of infection of 14%, 0-ir-ng this particular conflict

it was standard practice in the Israeli Defense Force to administer penicillin

on the battlefield. All of these casualties received penicillin on the

battlefield. Despite over 35 'vailable antimicrobial agents (with the

exception of third-generatin: .ephalosporins), the 4ncidence of wound

inf-ctlon had not significantly decreased. In fact, n every one of these •

conflicts, if you survived yo-r initial wounding, the most frequent caus of

death after initial resuscitation was infection. That was true in World Wir

II, the Korean conflict, Vietnam, and the Yom Kippur War.

The British experience during Operation Corporate in the FalklarJd Islands

is the most recent experience. Data were obtained on 658 battle casualties

who had been treated at Ajax Bay.4, The British used a standard protocol ir,

the Falklands: all wounded casualties received a tetanug booster, in addition

to one ampule of a combinatioi of ampicillin and penicillin as soon as

possible aft,7r injury. All wounds were debrided, and were not closed

primarily. Casualti with abdominal wounds received intravenously

administered gentamicin and metronidazole; individuals with head trauma re-

ceived sulfadimidne. The result of this regimen was only one cde of wound

infection at Ajax Bay. The standard holding time was limited. One would not

expect to see vt,-y much in the way of infection since these individuals were

evacL'ated first to the hospital ship S.S. Uganda and then back to England. 5,6

The rjta on the actual incidence of wound infection in British casualties in . 0

the Falklands are not yet available. British surgeons in the U.K. have in-

dicated that infection did otcur. The point is that, despite the fact that

multiple antimicrobial agents are availabl . wound infection is a problem that

has not been solved. S
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FACTORS RESPONSIBLE FOR WOUND INFECTION 0

What are the factors that predispose the casualty to wound infection?

Consideration of these factors provides a basis on which one can appropriately

manage wounds. The first, and perhaps the most important factor in predis-

posing a wound to infection, is the presence of foreign bodies in the wound.

Drs. Altemeier and Furste performed a classic study showing the significant

increase in wound infection In crushed muscle with foreign bodies. 7 Spores of

Clostridium perfringens were injected into guinea pigs. The results were gas

gangrene (clostridial myonecrosis). If spores were injected alone, it took

106 spores to be able to produce the wound infections. If, on the other hand,

the muscle was crushed and then the spores introduced, gas gangrene could be

produced with 103 spores. If sterile dirt was added to the spores plus the

crushed muscle, it took one spore to obtain the same result. The presence of ....

foreign bodies resulted in a million-fold increase in the susceptibility of a

wound to infection. The principle of debridement is to get rid of crushed

muscle as well as foreign bodies, all of the debris that contaminates combat

wounds. The following is another example that will illustrate this point. ' O

The gluteas maximus of a rabbit was cut, incised, then crushed with Kocher

forceps; finally, nonsterile dirt was added to the wound. This resulted In

clostridial myonecrosis in 100% of the animals over a 7-day period.8

A study reported by Drs. Elek and Conen from the U.K. illustrates this

effect in humans.9  The objective of this study was to determine the influence

of suture material or foreign bodies in the wound on the susceptibility to

infection in man. Staphylococci were injected intradermally into the forearm

skin of volunteers in an effort to determine the minimal pyogenic dose, that

is, the minimal number of staphylococci that would produce a small pustule in

the skin. The result indicated that it took between I and 5 x 106 staphylo-

cocci to produce a small pustule. If you out the organism directly on a

sterile silk suture and through the skin, the (lose of organisms decreased from

1-5 x 106 to a range of 102 to 104 . The prespnce of silk sutures caused a 10

- to 104 ;-!d increase in susceotibility ti Staphylococcus. These data

illustrate the importance of foreign bodies in increasing susceptibility to

infection. On the practical side, it is a good illustration of the importance -
•
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of the good suture technique of not leaving long rabbit ears on the knot. A

practical note is in order concerning the use of a bovie. Although a bovie - -

is a very rapid way to produce hemostasis, it may leave devitalized tissue in

the wound.

The 'second factor that is important in wound infections is tie lag, the •

period of elapsed time between injury and treatment. In any discussion of

combined injiry, time lag becomes of great importance. An excellent example of

this occurred in World War II with the problem of gas gangrene (clostridial

myonecrosis)., When definitive surqery following wounding was performed within

24 hours, the frequency of gas gangrene was 0.8%.10 Among prisoners of war,

however, time from wounding to definitive surgery was up to 84 hours. In this

time frame, the frequency of gas gangrene increased from 0.8% to 5.2%1'0. A

study conducted during the St. Nihiel and Argonne-Meuse operations, September

10 to November 13, 1918,'showed that the relation-iip between the incidence of

gas gangrene versus time from wounding is virtually a straight line.I" The

incidence is almost 0% when care of the individual occurs within the first 6

hours, and increases to 75% if the elapsed time is 5 days. This corresponds

to an increase of approximately 15% per day of elapsed time prior to treatment

in the occurrence of clostridial myorecrosis. No antimicrobial agents were

applied in this study. We and others have observed in experimental animals

that if you use an appropriate antimicrobial agent in qas gangrene, you can . .

shift this curve and delay the effect by 24-36 hours. 8  The conclusion in this

case is that antimicrobial agents do not prevent infection, but they may delay

the occurrence and thus provide an extra 24-36 hours to undertake debridement,

which still remains the critical factor in terms of prevention of infection.
S

Several other factors contribute to the predisposition of casualties to

infection. These are the number, the location, and the extent of wounds. The

effect of multiple wounds is obvious. The effect of location can be illus-

trated by an example from World War II. Wounds to the buttock area accounted -

for only 5% of total wounds, yet accounted for over 50% of the cases of gas

gangrene. 12  This is not surprising, considering the qross anatomy and the

blood supply to the buttocks. There is a relatively limited blood supply

through the obturator foramen. If it is injured, a large muscle mass is .
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devitalized. Associated injuries such as fractures, vascular injuries, and

burns also account for an increased occurrence of gas gangrene. An additional

study on more recent data from the Yom Kippur war also emphasizes the location

of the wound as a predisposing factor. 13  A total of 420 casualties were

evaluated, with an overall frequency of infection of 22%. Patients with

burns of less than 25% surface area had an infection rate of 14%. However,

all patients with over 25%-surface-area burns became infected. Penetrating

wounds of the abdomen with perforation of the colon resulted in infection.

Surprisingly, fractures resulted in frequency of wound infection of 18% (40%

if it involved the femur). These infection rates occurred even in the dbsence .

of compound fractures, with the infection rates for soft tissue being lower

than for fractures, burns, and penetrating abdominal wounds. Other factors

predisposing to infection are general condition of the patient, shock, renal

failure, and combined injury (radiation plus trauma). With reference to com-

bined injury, the rabbit model used for producing gas gangrene has provided

interesting results.8  An appropriate antibiotic (one to which the contam-

inating organisms were susceptible in vitro) could delay, but not prevent, the

occurrence of gas gangrene in rabbits irradiated with 650 rads of whole-body

exposure. The onset of infection was delayed 36-48 hours, but was not pre-

vented. During these postradiation times, rabbits were profoundly

neutropenic. The point is that we could demonstrate an effectiveness of
treatment comparable to that seen in the nonirradiated animal during the early

time frame following combined injury.

The type, number, and virulence of the bacteria are important variables

in the infectious process. Studies from World War II and Vietnam demonstrate

that over the time period of the infectious process in the wound, the bacte-

riology of the wound actually changes. 14  One of the very important observa-

tions that has come forth in the last 20 years, and first observed in the

Vietnam War, was that the important organisms in causing wound infections were

no longer staphylococci or group A streptococci, but were in fact Gram-

negative organisms, especially coliforms and pseudomonads. 15  The microbiology

of wounds seen in Vietnam that caused problems were Pseudomonas, Enter-

obacteriaceae, and Klebsiella. This is the grouo of organisms now seen in

civilian intensive-care units, critical care, and burn units. The Yom Kippur _
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War provided more data on bacteriology. In a total of 420 patients, 178 were

infected.18  Pseudomonas makes up 25%, Klebsiella 15%, Escherichia coli 13%,

and other enterobacteriaceae another 7%. This means that almost 60% of the

organisms were aerobic Gram-negative bacilli. These organisms are resistant

to penicillin, ampicillin, streptomycin, and any other antimicrobial agents

that were administered. The origin of these infections is again brought into

question. Were these hospital-acquired infections even though it was pro-.

jected that 9% of them were present on admission?

SOURCE OF OPPORTUNISTIC PATHOGENS IN WOUND INFECTIONS .

We became interested in infection in tornado casualties at the time of

the 1953 Wooster tornado. In the aftermath of this tornado, the majority of

trauma patients became infected. The reason was most likely related to the •

fact that all the wounds were closed primarily and were not adequately

debrided. 16  In April 1970 a tornado struck Lubbock, Texas. 17  In the after-

math of this tornado, more than 500 people were injured and more than 300

treated. Hospitalized individuals had, on the average, 2.6 species of aerobic

Gram-negative organisms per wound. Simildr observations were made in Vietnam .

and Israel. Outpatients, on the other hand, demonstrated no Gram-negative

bacilli. That suggests very strongly that these were hospital-associated

infections.

All hospitalized patients were treated with antibiotics. Most of them

received penicillin or ampicillin, in exactly the same combination the British

used. No outpatients had received antimicrobial prophylaxis. In hospitalized

patients, small numbers of penicillin-resistant staphylococci were fcund. One " S

would expect this because the patients were treated with penicillin and the

resistant organisms were thereby selected. On the other hand, the outpatients

had penicillin-sensitive staphylococci. This suggests that the staphylococci

grew more rapidly and actually suppressed the Gram-negative flora, with -

resultant staphylococcal infection in the outpatients and Gram-negative

bacillary infection in the inpatients. However, that doesn't explain where

the organisms came from. When soil samples from the particular area in which

injuries occurred were examined, they were found to contain
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Erterobactertaceae, Pseudomonas, and E. colt. 17  These were the same organisms

we found in the wounds. Our hypothesis is that the wounds were contaminated

with soil that contained Gram-negative organisms. Treatment with penicillin

suppressed the staphylococci. The Gram-negative organisms, which are

resistant to the penicillins and some of the nost recent third-generation

cephalosporins, were selected and were able to grow. The occurrence of Gram-

negative infections in Vietnam Lnd in the Yom Kippur War really represents the

selection of a Gram-negativ. flora that was present in the soil. The Swedish

Surgeon General has a tetm studying wounds in Lebanon, where they send

individuals out to every site where a person gets wounded. If this hypothesis

is true, we may be able to predict the etiology of wound infections before we

ever go into an area.

SUMY -

'A You can prevent tetanus with a tetanus immunization. Perhaps in the

future, monoclonal antibodies of the J5 mutant of E. coli may prevent

psuedomonas Infections. 18  Limited data suggest that cieaning wounds with -

Betadine may be more effective than saline alone. 19  Systemic antimicrobial

agents will prevent group-A streptococcal infections. How do you arevent

wound infection? Debridement! In dealing with the problems of casualties,

think in terms of debridement. Make certain that personnel are immunized. -

Antimicrobial agents may have a role topically, and from limited data they

appear to be effective systemically in the irradiated animal for a very brief

period of time. 'N

0
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PANEL DISCUSSION
S

DR. CONKLIN: I would like to thank all of the Panel members and the

audience for their participation. I know how extraordinarily difficult it is

to get clinicians, especially surgeons, to participate in these forums because

of their heavy clinical burdens. So I am very grateful. 6

The goal of this symposium was to review the pathophysiologic derangements

that occur in combined injury. The operational definition for combined injury

in this conference is the superimposition of a traumatic, thermal, or radiation

insult. One of the reasons for doing that is that we concluded several years

ago that there are no useful human data on combined injuries that can help us

manage patients. In trying to understand what happens in the very limited

animal data, we found very few clues.
S .. 

INTERD!SCIP1,INARY APPROACH TO CO4BAT INIJURY

DR. CONKLIN: One of the underlying foundations in the development of

the combined injury program is that the physiologic derangements that occur in .

polytrauma patients and in bone marrow transplantation patients are similar to

combined injury insults. I would like to ask Dr. Santos if that presumption is

a useful one or not in trying to develop concepts to address combined injuries.

DR. SANTOS: I think it' is. I probably am going to take away an

awful lot from this conference because I've learned to think a little broader

about the problems we have.

For example, in our patients who are insulted with cytotoxic drugs

and then whole-body irradiation, infectious disease is a big problem. So

colonization studies would be important. In addition, I didn't look at burns

or think about burns, but now I understand that there is a capillary leak

syndrome. Well, you should know that we also have one. We know exactly when

it occurs. We used to just sort of euphemistically call it a vascular burn,

but we don't know that much about it. Wouldn't it be fascinating if it is

similar to what you saw in the burn patients?
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So, if you take the experience in a trauma center alone, without

burns, or you take the burn center and the kind of thing we are doing and bejin

to look at and test some of these things clinically that have been looked at in

animals, I think eventually we will learn a lot more.

DR. WILLIAMS: I agree. I think it is a very, very important concept ' 6

to look at them in these contexts for their overlap.

As an illustration, I came prepared to believe that the surgeons had

not categorized injury. We know nothing about really defining the degree of •

injury so that we can compare comparable things. I was prepared to believe,

for example, that the radiotherapist had this so well controlled that there was

no issue, and I have learned that neither of those assumptions is correct.

That is of some value, I think, as we look at the rest of the problems. So I

think the concept is extraordinarily useful.

DR. McCABE: I can only echo what the previous two panelists have

said, that this is a reasonable approach to take. I think the proceedings of

the conference will show an exchange of people who represent very diverse

disciplines, who have discovered that they have a lot of interests in common

and that they are going to become increasingly more common.

DR. LLEWELLYN: I can't disagree with any of the things that the .

previous panelists have mentioned. I was, however, struck by the diversity of

the study interests of the people presenting and attending. I think if you

run something like this again, there needs to be a"better definition for the

uninformed, what combined injury really consists of. I am certain that there _

are a number of people who are interested in problems of sepsis, derangement of

the immune system, and mediators of a variety of kinds, who would not respond

to a call for papers or participation in something under this particular

heading. For example, I was fascinated by a number of the presentations

about mediators from mast cells. In the 21 years that I ran the Institute for

Chemical Defense Research, many of those same kinds of peptide mediators and

transmitters were the things we were concerned about from the standpoint of

nerve aqents.
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DR. NINNEMANN: I think if one thing has been made abundantly clear 6

to me during this conference, it is that we are dealing with complex problems,

and that is complex with a capital "C."

The solutions aren't going to be easy and they are not going to be
the product of a single mind. It is for these reasons that I am a firm

believer in the team approach. You need both a clinical side and a basic

science side to address problems as we have discussed here.

I think differences of opinion are healthy; they stimulate discussion

and may ultimately lead to a solution. We need to realize that pieces of the

puzzle that we need to solve our problems may be provided by others such as you

who are attending this meeting.

DR. HIRSCH: Perhaps I have a little different perspective. Less

than 3 years ago, I came to this organization to ask questions on how to deal

with some of these problems, and what was supposed to be a half-hour,

discussion ended up in 1 days of discussion. To me it is remarkable that we

have gone this far in this very short period of time.

I think that AFRRI serves as a catalyst for this multidisciplinary

approach. I hope that AFRRI will continue to be the axis in which all of the

different disciplines that usually don't even know each other, much less speak

to each other, come together. I think this symposium has done this, and the

next one will have to address whatever issues are left undone from thi's time..

DR. BURKE: I can't add anything but echo the idea that a combined

approach is essential. Each of us has to put our own experience in context

with all other experiences to interpret them correctly, and this seems to be

the proper format to do that.

DR. CONKLIN: Thank you. I would just like to say chat I read all of

the critiques that were handed in, and everybody has a particular subject of

interest. Vie very intentionally left out chemical agents. We have had

numerous discussions with the Medical Institute at Chemical Defense, and we now . 6
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have five collaborative studies with them. We are very well aware of degranu-

lation of mast cells post chemical exposure. It will be a major area of

collaborative interest. However, I think people have seen just how awesomely

complicated the problem is if we only add radiation and a thermal insult

together. When we have to add chemical insults to it, it is almost impossible,

to make order out of what we know now.

The same thing goes for the use of analgesics and anesthetics. We

are studying those in conjunction with the Uniformed Services University of

Health.Sciences here and at AFRRI. We hope to give, in future symposia, somre

rigorous guidelines about drug metabolism postirradiation and postchemical

exposure.

With regard to triage, I spent a gre~t deal of time with a number of - ;

the people who teach in our Medical Effects of Nuclear Weapons Course,

reviewing what has been done in the last 40 years.

Three years ago I .thought perhaps the lymphocyte, which decreases .

very rapidly postirradiation, might be us,!ful is a biologic dosimeter. Dr.

Ninnemann's data, Dr. Munster at Hopkins, and the experiences of Dr. Hirsch in

Boston show very clearly that thermal injuries and polytrauma decrease

lymphocytes. So one must view the lymphocyte as a bioloqic dosimeter with some

skepticism.

So for triage we can't add anything to it or even make up a mat,-ix.

I have done it using prodromal symptoms, nausea, vomiting, diarrhea, etc., but

this is probably not useful when you have superimposed another insult on it.

I think the guidelines that are in the NATO doctrine right now are

appropriate and should be followed, because there is no current way to assess

radiation injury in any of these victims. __.__

IMPORTANCE OF RADIATION DOSIMETRY

DR. CONKLIN: I ask Dr. Santos, who regularly treats patients who

have been lethally irradiated, if he would undertake the treatment o' somebody

for irradiation injury without knowledge of it?
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DR. SANTOS: It depends, in a civilian situation; unless I am

absolutely sure it was twice the lethal dose, I would do it.

If I were out in the field, I would favor a badge to everybody, but

the cheapest kind you can get. I would have it either red or green. If you

estimate they got more than 200 rads, I would probably have it red; otherwise

it would be green. If you don't make it that simple, then you are going to be

doing a lot of pointless surgery. A limited number of personnel just can't

spread far enough.

I don't know if you like my first answer--but, quite honestly, if
somebody from Three Mile Island called me, we would do the damndest we could.

We would make misjudgments. I am not unaware of the publicity one gets from

that, and it is important.

DR. CONKLIN: I would like to ask Dr. Mosebar or Major Myers if
propositions have been put to the Surgeon's staff or the Army's staff with

regard to having dosimeters on people?

DR. MOSEBAR: I proposed on several occasions that everybody be given
a dosimeter. At present there is one dosimeter for every 15 people.

We also get into the problem of who would read these, too. My

personal feeling in the Army is that they ought to be self-reading.

One entity that hasn't been discussed here today, that we have to

take a hard look at on the nuclear battlefield, is the psychological problems.

The Israelis had one psychological casualty for every four and one-half wounded

in Lebanon. Psychological casualties may well outnumber actual casualties.

Who is having radiation-induced vomiting and who is having psychogenic

vomiting?

I must say I haven't gotten too far with TRADOC (USA Training and
Doctrine Command). We need to look at that group that we can send back to
work. I would just as soon have red, green, and yellow designations.
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DR. SANTOS: I agree with that.

DR. MOSEBAR: We need a group that can go back to work. I realize

numbers are going to be inaccurate on this dosimeter, but at least they are

going to give us something to start with.
* •

DR. SANTOS: They are simple to read if they are three-colored.

DR. MOSEBAR: We also need another designation for a medically

undecided group. Obviously the Army Medical Service isn't going to take 0

medical steps if we don't have time. Such will be the case with central

nervous system radiation patients.

Until now we in the Army Medical Service heve said, "Let us hove all .

of your problems." Now we are taking a look at the NBC battlefield and saying

to command, "You are going to have to take care of your problems, and we are

going to serve as your consultants on the periphery. You are going to have to

collect the people. You are going to have to do a large part of the triagioig." .

Without some kind of a guideline, we are going to be in deep, deep

trouble. Our forestructure of the Medical Service is very, very tight, and

every time we want another medical person, sorebody has to give up an infantry

man. The infzntry isn't very keen to give up slots to the medics.

We now have 11 percent of the battlefield in the Army Mediral

Department, and they say that is all we are going to ge,.
0

DR. SAPITOS: Excuse me. would like to ask a question.

Obviously I am not into that kind of politics, but one aroument is

that if you can identify the yellow, it may be cost effpctive because they can

go back and fight. -

Itf it were as simple as you suggesced, t*.Pn you might arcue with them

if you had the -ight numbers, you would be able to return X numbpr of troops to

4
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duty. Granted, if you give us someone in medicine, you may have to do without

infantrymen. But I think that what you suggested could be argued to be cost

effective.

DR. MOSEBAR: There is a study group right now in Washington lool.ing

at the chemical battlefield and the question of whether we have enough medical

forestructure. We may get a few more ositions out of the study. I hope so.

The current Chief of Staff of the Army nas said that he is doubtful about our

medical structure on the future battlefields,

DR. CONKLIN: Dr. Moll (Office of USAF Surgeon, General), is the Air

Forte making any moves to implement personnel dosimetry?

DR. MOLL: No, we haven't. Perhaps one of the reasons is that the

opinion has been that it wouldn't make any difference.

NEED FOR STANDARDIZED APPROACHES TO TREATMENT

DR. MOLL: The Air Force has only recently taken conat medicine, or

medical readiness, seriously. By that I mean that we are spending about $1

billion between 1980 and 1990. Most of that is being spent in acquisition of

beds, medical material, and additional people. Very little of that is being

spent in stockpiling aiedicitions or specific material for nuclear casualties.

The primary reason is that none is available, as far as I know, nor has it been

made available to us.

We are stockpiling cnemical and biologic warfare antidotes., I was

extremely interested in this conference bpcause there were hints of possibly

uspful nuclear antidotes that can increase your radiation tolerance.

To be more specific, some of the things that especiall'y intrioued me

were such things as automatic debridempnt or a vital tissup indicator. I think

the enzymatic crbridemernt or somethino similar would be much more practical

than havinq zurqpons do it.
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Bone marrow replacement in the form of safely stored stem cells could

help the prognosis if supplemented after radiation. Preventing sepsis, with a

specific measure such as Flagyl for abdominal or oropharyngeal wounds, is

already being practiced. It is not FDA-approved in this country, but the

British used it in their Falkland Islands experience.

The British also stressed the immune system by bleeding everybody 3

days before they went into action. This was possible because they had all of

them on the boats when they drew blood. I guess this was a mild stimulus.

Perhaps after bone marrow cells we could look for primordial GI tract

stem cells of some sort.

Getting back to automatic debridement, we are going to need equipment

that untrained personnel can use because we won't have enough trained surgeons

or other physicians to do the job. I would like to have some increased

emphasis on the first aid aspects, which include debridement, artificial skin,

and the like.

DR. KAPLAN: Enzyme debridement still needs the judgment of someone

putting it on. You can put it on, but you need to know when it has done its

job and when you have to take over. I don't think that is so immediate a

problem in the field type of action. Artificial skin, be it synthetic, semi-

synthetic, biological, or whatever, is rot a first aid. It is a long-term

approach to be used as a patientlcare facility treatment.

I think one area to look at is whet can be done to initially delay _

some of the techniques that are used. For instance, addinq serum nitrate to

silver sulfadiazine is used by some people. One of the advanteoes or

disadvantages, depending on your viewpoint, is that it makes an eschar that

just sticks around forever. You have to surgically remove it. But perhaps

that delay would be beneficiAl in a military situations, as opposed to

nonmilitary.

422



Looking at what can be done in the field to initially treat those

wounds and stabilize them so that you can evacuate them to a field hospital or,

preferably, to the continental U.S., is a better long-term solution than

working on what can 5e done right on the field.

DR. BURKE: It's my thought that you ought to be able to develop an 0

enzyme system and artificial skin that could be used on the field.

DR. WILLIAMS: .I think I have to also disagree. The thing I have

been most impressed with in these 2J days is that the latent period, the free -

period, the golden hour, whatever, that traditionally has been of days'

duration has been showr to be of, at best, hours' duration.

I think if we are going to make manipulations, the thought that we

can stick something on until 5 days later whcn they go somewhere else is

inordinantly naive, given what we have listened to in the last 2 or 3 days.

Thus, I guess I am saying the same thing I think Dr. Burke just said.

I really do think we have got to look at doing it very, very, early, whatever

"it" is.

DR. VAN DER WAAIJ: I would like to throw out an idea, talking about

bone marrow transplantation and self treatment. Shouldn't we consider the

possibility of self bone marrow transplantation? You may be aware of the

literature saying that if you shield the lymph nodes of a mouse and irradiate

the animal at 900 rads, protection is obtained. Should we do some studies on

designing a sort of apron shield that shields off the iliac bones and the liver 0

in order to enhance or increase the tolerance for irradiation?

DR. CONKLIN: That is a topic for another forum. Point in fact, we

are very, very involved, as is the United States Army, in development of .0

radioprotectors of a chemical nature. In addition, we have been studying lead

fabrics and a lithium boride polyester material developed by the Japanese,

which absorbs thermal neutrons. We have been characterizina the radio-

protective effect of those fabrics with the fast burst reactor at Edgewood, MD,

and the TRIGA reactor at AFPPI.
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SELECTIVE DECONTAMINATION

DR. CONKLIN: Would Panel members recommend selective decontamination

for an irradiated patient?

DR. SANTOS: I think Dr. van der Waaij's ideas and what he presented

are very useful, and there are some clinical data for it. Actually this is not
how we manage our patients. We wait for the first fever, because we know they

are going to be infected.

Concerning the practical problems, I think there is something to be

said for selective decontamination. Anybody who has been in the laboratory and
has tried to irradiate animals and get them through it to do an experiment has

found out that there G-e a lot of things you did for them. Most importantly,

you gave them antibiotics ahead of time to get them through.

A decision based on dosimetry so you wouldn't be passing antibiotics

out like candy, might make a difference. I am sorry that there seems to be
some resistance to this. But you have to make it simple; red, green, and
yellow are very simple. Unfortunately I don't sit in the place that makes
those decisions to understand why they don't want them. At any rate, if you

can make the decision that soldiers have had a radiation exposure above a
critical level, I would be in favor of selective decontamination. That is, I

would give them nonabsorbable antibiotics, if possible.

DR. McCABE: I think the approach that Dr. van der Waaij has outlined
has really been shown to be extremely effective in patients undergoing cancer

chemotherapy. It certainly appears to be rational for people in whom one
anticipates granulocytopenia.

I think that it is very important that certain aspects be recognized.
One does not try and sterilize the gastrointestinal tract, as was pointed out;
one removes only potentially invasive aerobic organisms. Equally important is

that it is a nonabsorbable form of therapy.
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After years and years of questions about prophylaxis and antibiotic

use, it has become clear as to when prophylaxis is effective. Its value is for .

a limited period only, and it should be very clearly delineated what one is

doing it for. It is specifically for the control of aerobic organisms in the

gastrointestinal tract; it is not for the prophylaxis of all infections in

general.

DR. LLEWELLYN: Selective decontamination seems like a very

reasonable thing to do. There are a number of studies that 'have been done over

the last 15 years in other places that have all suggested this sort of thing in

a military combat-medicine environment.

You have to think about very simple measures and standardizing them.

These kinds of things then have to be put in the hands of people who have

go/no-go decision-making capability, people who are really trained as aidmen/

emergency medical technicians, etc. The reason they have to initiate these

kinds of things is that it may be many hours from the time of the initial

insult to the first time that a surgeon is going to intervene, or the first

area at which ancillary studies can be done, that would guide any kind of

further therapy.

To indicate some of the difficulties in even considering this sort of

therapy as being within the realm of what the medic could administer, we are '_V

just getting to the point now where our medics will actually have intravenous

fluids, which they will carry with them and be trained to administer. It seems

utterly ridiculous but, in fact, that is how slow the process is for getting 4

these sorts of things put into the system. . •

Ultimately, things of equal importance to think about are the ways

one can exploit the research that is being done on compromised immunity at the

basic science level. Perhaps something can be done at the time of the initial

intravenous therapy to support the immune systei in one direction or The other.

425



It may be 8 hours before the individual has the first opportunity to 0

get surgery. In the military field situation we have to approach these things

in different ways. At the present time it seems that selective decontamination

is a very wise thing to do.

DR. McCABE: I think the point was made. I think this is one of the

situations in which one is really not talking about emergency care. Selective

decontamination is going to be used at the time that the person has received

enough radiation that he is going to be granulocytopenic. That is not going to ,

be at the initial period, but several days to weeks down the line.

DR. LLEWELLYN: My response to that is that there are additional

reasons for considering selective decontamination that have nothing to do with

radiation exposure. If, in fact, you are going to use it, either you have to

make it a standard procedure for the medic in the prehospital environment, or

you have to restrict it to somewhere further back in the hospital environment.

We have to lock at riultiple reasons for putting some of these things .

into the inventory. As pointed out by Dr. Moll, the British did use Flagyl

automatically in any sort of abdominal wound. It was part of their protocol to

make everything very simple. They had no evidence of any kind of problems from

having done this. As a matter of fact, it may very well have been beneficial... .

DR. HIRSCH: If the question is "What do we do tomorrow in the

presence of five, or six, or even seven patients who may have this problem?" I

would pick up the 1it of participants of this symposium and call up the ones

who know the best and say, "Come up and help me out because I certainly haven't

got any experience of my own and I would probably get myself in more trouble."

I think the advantage of getting this group together is that in the

event of nuclear casualties, resources can be made to study these issues and

decide what to do and then make a decision as to what to do for standardized
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DR. BURKE: The concept is certainly a correct one, but I don't know

of any mechanisms that we can use clinically, effectively now. So I wouldn't 0

do it now, but I think this is an area that ought to be looked into extensively

to see if there isn't some way to get at it.

MEDIATOR MOOILATION AND IMI4UNOTHERAPY •

DR. CONKLIN: Dr. Burke, could you comment on some of the things that

Dr. Fletcher reviewed this morning, especially the nonsteroidal

anti-inflammatory agents? 0

DR. BURKE: The concept is a very interesting one and perhaps a very

important one. At this minute there isn't any clinical mechanism that I know

about that would allow me to use it. Perhaps in the future--now, no.

DR. CONKLIN: Dr. Hirsch?

DR. HIRSCH: The same.

DR. CONKLIN: Dr. Ninnemann?

DR. NINNEMANN: I kind of ltimp the two together for simplicity,

mediator modulation and immunotherapy. Looking at it as a basic science

immunologist, I am going to talk around it for a minute here.

In an evolutionary sense, the immune system evolved to help man cope

with microorganisms in the environment. We have to remember that we are in .

delicate balance with our environment and with the microorganisms in that

environment.

Nature didn't foresee certain thinqs like, for instance, transplanta- _ .

tion. Th,. allograft response had to evolve for another purpose. It isn't

there to resist transplants. Nature didn't foresee that. I think, in another

sense, na-ure didn't foresee major combined traumas, particularly major

combined traumas involving radiation.
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What we have, in fact, is a twofold problem in trauma, mixed trauma,

for which nature didn't provide a solution. First of all, there is a surgical

problem. We have anatomical repairs; we have physiologic systems that are

damaged that have to be repaired and have to be repaired quickly. That has

been pointed out very clearly. __ ....

Second of all, there is a basic science problem. The balance between

nature and microorganisms has been altered. That is a problem. At this point

we are dealing with immunologic, biochemical system, and mediator changes.

I can't address the surgical, but I can address the basic science

problems. From my point of view there are three purposes in studying combined

injury And immunologic changes that go along with it.

First of all, we have to define the defect. We already know the

consequences of an immunologic defect in patients with traumatic injuries. But

we haven't, in many cases, adequately defined the defect itself.

Second of all, we have to delineate the cause of the defect. We have

to know the mechanisms. We have to know why the defect is there.

The third thing that we need to do is to devise methods of

therapeutically correcting the defect. Only when the first two conditions have

been met can we get to the third, where we can start therapeutically

manipulating the immune system.

There are some exceptions to this. I think Dr. Braude's presentation •

pointed this out, of altering the balance in favor of the host. But I think we

are not ready for modulation of mediators, or immunotherapy. The basic

understandings are not complete enough to start playing with the immunologic

system and manipulating systems within the host. _ •

A good example of what happens when you try to do that without the

basic knowledge is what has happened in the Cancer Program. Ton years ago

imm unology was supposed to cuf all of the cancer problems. There was a great
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deal of optimism in the Cancer Program. Immunology has fallen into disrepute

because it has not solved the problem. The expectations were too high; the

basic knowledge was not there.

I think we are on the threshold of new possibilities.. There are

things available now that haven't been available before. There is a great deal 0

of advanced technology that can be applied, and we are getting a very much

better understanding of the immune system. While I don't think we are ready to

start diving in and manipulating yet, I think that will come

about in the near future. .

DR. LLEWELLYN: I share your sentiments very, very strongly. Since

must of my experience has to do with research against chemical warfare agents,

nerve agents in particular, I want to draw a parallel.. When I took over the

Medical Institute for Chemical Defense we were supposed to work on antidotes

against these agents. I was presented with what was essentially common

knowledge; everybody knew how the agents worked. They'were anticholinesterase

agents. People-were certain that they could design various kinds of drugs that

would interfere with these and peel them off. It made an epidemiologist like

me'think that they viewed the body as a uniform test tube and that there were

very simplistic, very direct sorts of things going on, as opposed to this

cascade of innumerable mediators, modulators, transmitters, suppressors,

enhancers, etc.

I think if you pay close attention to the neurobiological literature

over the next 3 years, you are going to see most of our understanding of the

cholinergic system completely rewritten because people have gone back to ... .

question a lot of what we thought we knew..

flow, when you are talking about something like nerve agents or an

organophosphate, a simpleminded person like me would first say to a

pharmacologist, "Now, where does this go?" The answer would likely be "Well,

it has to go to the endplate, the juncture." Yes, it probably does. It also

goes to all kinds of other places. As a matter of fact, nobody knows all of

the places it goes.
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They don't know what form it is in when it goes to those places. So

all of these mechanistic things that you are talking about are just terribly

critical. Otherwise, what you have is some kind of symptomatic intervention.

It may be all well and good to, in fact, treat symptoms in a number of cases.

But I would share your concern about not launching into something of this type

without considerably better understanding of all of the things that are going 0

on simultaneously. I don't mean to unsay the things that I said before about

why, from the very practical standpoint, I think we should probably consider

selective decontamination, even if you don't expect radiation on the

battlefield. P 0

DR. CONKLIN: Dr. McCabe, can I refocus the question a little bit

since Dr. Braude is not here? Some of his work was very tantalizing. There

are other groups that have worked in this area like yourself. Should we be L

looking at this area, particularly at passive immunization in combined injury

more aggressively than we are now?

DR. McCABE: I think there are two points. I think the mediator

modulation is very intriguing, but it is many years too premature to consider -. -"

it as a practical method at this time. It needs a lot more in vitro study and

field trials, etc. In contrast, I think the question of immunotherapy has

fairly firm experimental basis, and Dr. Braude has provided us with some very -

good clinical information that there is considerable potential for passively

administered immunotherapy.

Perhaps even more practical might be considerations of active

immunization, if we can answer some of the problems that I don't think time .

permits us to go into. Historically, active immunization has worked a lot

better than passive immunization, and I do think there is potential, for this.

DR. '41LLIAMS: Dr. Burke showed a patient on whom he put his special _

graft, and told us the man should have been sick, but he didn't know he was

sick. We don't know if these patients who are very sick should be made to feel

like they are well, and we need to know some of these things.
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DR. SANTOS: I will keep with my reputation and give a mixed answer.

Most of my academic life has been spent in immunology and cellular engineering,

trying to understand what is going on. We think we know in our patients what

the defects are immunologically, at least within limits, as far as handling

cytomegalovirus infections. If marrow transplant patients are infected, as

defined by positive culture from the blood or their marrow, not shedding in the

urine, we can now identify a group. If they develop NK cells, or T-cells that

are capable of lysing their own fibroblasts infected with CMV, we can put them

in a column where 95 percent will survive. This has recently been reported in

The New England Journal of Medicine. If they are unable to do this, it means

looking into a defect in interleukin-1, or interleukin-2. These are things we

can manipulate.

We might be interested in some clinical trials because we have

defined what parameters we are looking at. I am not convinced that I have

heard anywhere that classical immunology, not taken in a broad sense, has

anything to do with bacterial infections. I want to see those data. You know

it is motherhood to say it is good. This was the problem in the cancer

business. I stayed with that for 2 years, and then I stopped getting into

immunotherapy in cancer.

DR. McCABE: What is more classical than the demonstration of

antisera to pneumococcal capsule?

DR. SANTOS: I am sorry--antibody aside.

DR. McCABE: Now you are talking about cell-mediated immunity. T

agree with that entirely.

I brought this up earlier and I would strongly agree that with

classical bacterial infection I haven't seen any good evidence that T-cell

mediated immunity has any protective activity.

DR. BROOK: Immunity, using passive immunization or. active

immunization, is probably going to work in a limited type of situation, that

is, accidents or a limited nuclear war. But when you are talking about all-out
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war where you have thousands of casualties, and where medical supplies may be

cut and medical personnel unavailable, and there are chaos and disorganization,

the most practical and efficient way for it to be carried out by soldiers and

civilians may be with antimicrobial agents.

Selective decontamination, in my judgment, probably prevents

bacteremias or septicemias in individuals who have been inwunosuppressed

because of irradiation. When dealing with combined injury where, in addition

to the leukopenia and total-body irradiation there is also trauma (especially

intra-abdominal trauma, trauma around the oral cavity, where you get in contact 0

with normal indigenous flora), you are dealing with a situation in which

selective decontamination won't do the job.

You need antimicrobial agents to help th. patient survive skin -

infection with Staphylococcus aureus, intra-abdominal abscesses due to

Bacteroides, or infections of the oral cavity. Like soldiers who sometimes

carry in their pockets atropine ampules, against gas, they could also carry an

ampule of antimicrobial agents. It will be important to have preparations such

as a combination of ampicill-in-clavulanic acid, which has very wide activity

against staph, strep, Pseudomonas and anaerobes.

DR. McCABE: I think that is a very nice thought. When one talks

about using antibiotics and trying to dispense it to the general medical

population, it is almost impossible to do it with corpsmen passing out pills

for everyone who feels ill. I am convinced one will kill.more people than they

are ever going to save by such an approach.

I think it may be effective in selected instances. There is no

question that antibiotics are necessary because people are going to get

infections.

WOUND CLOSURE

DP. CONKLIN: I thought some of the concepts concerning closure that

Dr. Burke and Dr. Hirsch pres-nted were very provocative. Is this approach

valid, does it have utility, and where should we go from here with it? Should
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this be an area of aggressive research, or is it totally unacceptable and
repugnant to military battle surgery to even consider these kinds of 6

therapeutic interventions?.

DR. HIRSCH: Were I to be faced, today or tomorrow, with one or two

or three patients who were involved in some sort of military or civiliar S

accident, involving some amount of radiation, somebody would have to tell us if

it was a lethal dose. If a nonlethal dose, " would do as much surgery as is

humanly possible to correct as many defects as I possibly could. I would not

be concerned with trying to salvage areas of the body that are not needed for'

life. For example, a bad extremity should be converted to an amputation with a

clean surgical wound that can be clostJ instead of going through a number of

open wounds that require dressing. More aggressive life-over-limb treatments
are needed in these situations. I would support the patient with intravenous
antibiotics to provide the best "sterile environment" possible. By doing this

we have been able to reproduce some of the eastern European experience, or

German experience, and salvage some of the patients.

Then somewhere, around 4-6 weeks, the likes of Dr. Santos will have .

to deal with the hematological possibly infected patient.

DR. SANTOS: It is too late then. Don't call me then.

DR. HIRSCH: I will call you earlier, but I am saying surgically, we.

hope the problem is over.

DR. BURKE: I think that my point of views are fairly straightforward _

about this. Rapidly getting rid of necrotic tissue, infected or not, and

closing the wound have got to be the first moves.

Surgical interventions, including antibiotics at the time of injury,

are here to stay. I don't believe that those are going to go away or be

replaced by any amount of other kind of therapy.

0
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DR. WILLIAMS: Everybody has agreed that we need perfect

resuscitation, perfect debridement of necrotic material, and then physiologic

restoration, but we don't know how to do that. I think that there are a few

things that we have learned.

For example, if a person has a ruptured spleen, should we take a long 0

time to try to conserve that spleen, spending i lot of resources and risking a

second hypotensive episode? Or is that so tnreal that we should just do the

splenectomy? I don't know of we know that kind of thing, and we need to. I am

not aware that we have data as to how securely a properly done colon 6

anastomosis heals in an irradiated circumstance. We need to know that.

Skin coverage has been mentioned many times.' The traditional *ethod

of skin coverage before we had artificial skin was to take a skin graft. But

taking a skin graft inducPs a wound in its own right. That wound mvy be as

much trouble as the one you covered. If thit is true, then the whole issue of

artificial-physiologic wound coverage becomes ever more critical.

There were at least two presentations that showed that very early

surgery, occasionally before the 4rradiation or afterwards, actually improved

survival. I suspect it means that necessary surgery done perfectly ought to be

done early. That is probably pretty secure. What you do, then, is not nearly

so secure, as I see it.

DR. LEICESTER! As we have been quoted from our work in the

Falklands, I would like to bring up a couple of points and also say how much I

enjoyed Dr. Burke's and Dr. Hirsch's ideas about early skin cover. -

Althougn we have had no experience in combined injury in terms of

irradiation, we did have 110 patients with burns whom we treated on the

hospital ship. Approximately 40 percent had combined injury in terms of blast, _ B

shrapnel, or thermal injury.

Our policy, as Colonel Llewellyn pointed out, was that everybody

received prophylactic pF.nicillin and tetanus toxoid. How this interferes with -

immunotherapy, I don't'know. Whether it was necessary, i don't know, but we
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worked on a simple policy. We had a simple resuscitative policy of a liter of

Hartman's solution followed by colloid if it was needed. -

We didn't have any problems with infection. Large burns in

combination with other wounds were treated as a dirty contaminated wound, and ____

we practiced early excision. We didn't have the artificial skin cover that Dr.

Burke has been developing, but we covered it with silver sulfadiazine and

dressing, which effectively closed the wound. We did remove all of the debris

first.

I think that our figure of mortality was 0.4 percent in 730 patients.

I think that these techniques of early surgery and antimicrobial prophylaxis

certainly contributed to this.

DR. KAPLAN: Was the surgery done by surgeons or corpsmen?

DR. LEICESTER: The surgery was done by surgeons, including a plastic

surgeon who had a lot to do with the burns. I might add, that we did a lot of

early skin grafting using mesh grafts. This actually is not difficult. We .

taught all of the junior surgeons to take skin grafts, and once you have meshed

it, it covers a big area.

DR. HIRSCH: The hospital ship on which you were working--was it the S .

Uganda

DR. LEICESTER: That is right.

0

DR. HIRSCH: That hospital ship, for all practical purposes, was

ac!.ivated as a hospital ship for that occasion. So for all practical purposes,

there were no nosocomial infections present on that ship. All of the medical

activity began with the military engagement and finished shortly thereafter.

DR. LEICESTER: Yes, that is right.
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DR. HIRSCH: The experience that Dr. Walker and Dr. Myron Tong had in

Vietnam in 1969 was that if you take severely injured people, resuscitate them,

clean and wash them, and then culture their wounds, there are very few, if any,

bacteria present. As the days go on in the hospital, the whole bacterial zoo

develops. Dr. McCabe, who probably has the most nosocomial infection

experience in the world, keeps telling us that the worst place to be is the

Intensive Care Unit of a hospital.

Perhaps the immunosuppressed patient should not be treated in a

hospital. It is probably better to be operated on in a kitchen of somebody's

house, because being in a hospital exposes you to a number of undesirable

things. All of us recognize that sepsis in the Intensive Care Unit is much

more prevalent because of its invasive nature and the c~ncentration of people.

The type of environment should be in the list of things to address

for the next program. The hospital Dr. Leicester is talking about was created

for this event ard didn't last very long, 2 weeks.

DR. LEICESTER: I don't know how many of you on this side of the

Atlantic have seen the conditions at Ajax Bay. It was a filthy, disgusting

environment full of dirt and dust; doors were kept open and the wind blew

through, and yet the infection out of that was virtually zero.

DR. CONKLIN: There was some material presented with the use of

clavulanic acid as a way to decrease beta lactamase and things. In that kind

of environment, would any of the Panel members use that kind of agent in

conjunction with their antimicrobial regimens?

DR, CONKLIN: A unanimous no.

M4(M)ELS FOR STUDY OF COMINED INJtRY

DP. CONYLIN: Another major goal that we have is the model for

systems that were being studied. We chose the canine with our radiation

studies and combined insults, for, a number of reasons.
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It has an LD50/30, not too dissimilar from man. It is a large

mammIal. We wanted a dose of irradiation that depressed the hematopoietic

system, reducing stem cells to the neighborhood of 10 percent, but not with an

excessive lethality. The dose of 150 rads was chosen because of the

NATO/STANAG agreement 2083. Radiation Emergency Status Group 3 is the dose at

which the commander doesn't commit his troops to battle except in extraordinary S

emergencies.

In subsequent studies, particularly burns, blunt trauma, and

ballistics what animal model would you select?

DR. SANTOS: The canine appears to be a good model, although some

people are using the rat. There are principles that one can gather from the

rdt. I wouldn't go to monkeys and so forth just because they look like man. I

would also use man.

We don't like combined injury with a marrow transplant patient, but

it is rare that we have the combined injury you hdve defined here. However,

that source can be used for trying to understand radiation, dosimetry, etc.

Dermatologists argue for the pig. There are advantages for using-the

pig as an alternative to the dog. A rodent like a rat can be used in a model

system. It costs more than a mouse, but it 4s a little easier because of its 0

size.

I don't see any reason for using monkeys. They bite, they are hard

to keep, and they are costly.

DR. CONKLN: Dr. Valeri, do you want to address why you use baboons?

DR. VALERI: We don't irradiate baboons.

DR. CONKLII: I am not picking on Dr. Valeri, but a question has been
raised that wi ought to be studying hemorrhagic shock in conjunction with

radiation in subhuman primates.
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DR. VALERI: All of our experience over the years has shown that the

baboon is very similar to man. Many of the experiments that we do,

unassociated with irradiation, are very predictive as to what happens in man.

DR. SANTOS: So does the rat.
* S

DR. VALERI: I am talking about the experiments that we do in baboons

with regard to blood products and hypothermia.

The information we obtain is very applicable to man; and therefore, ' 0

over the past 5 or 6 years, we have replaced the baboon with normal volunteers

for the evaluation of blood products.

Talking specifically about irradiation injury in an aninal model, . S

clearly, the canine is ideal because you can give him total-body irradiation,

which we have done, and you can reconstitute him with peripheral blood stem

cells. I also support Dr. Santos' idea that we do our current work in man.

We use the baboon primarily because the baboon, in our hands, with

reqards to bone marrow and peripheral blood, is very useful. So we can, under

very established conditions, identify conditions to cryopreserve peripheral

blood and/or bone marrow stem cells.
S

With regard to your model development, we have a hard time convincing

ourselves that we should be irradiating baboons and subjecting them to thermal

injury, hemorrhagic shock, and so forth, it is almost impossible to use that

animal because you have to put it to sltep.

DR. WILLIAMS: I think t;,e possibility of the pig nas already been

mentioned, with regard to both hemodynamics and skin. They are much like men,

but I don't know about the other systems. I suppose we have to worry about -

that.
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With respect to models rather than animals, I make two or three

points. With an interest in mesenteric ischemia, I worried about that issue.

Having seen what is here, I am not certain that some of the models don't have

to readdress the issue of gastrointestinal ischemia as an important component.

I think in, some of the cases where we are looking at two injuries, •

not necessarily done at exactly the same time, we have to worry about the

restressed models, that is, what happens when you add one stress on an animal

that has already been stressed from something else.

Two other quick observations: Concerning splenic trauma and its

surgical removal (a previously common operation), we should now consider the

function of that spleen and its various components. Lastly, I think we have to

worry about what happens to bowel resections in the presence of irradiation. -

DR. McCABE: I would like to jump from your topics to make a plea for

another type of model, a more reasonable model of infections in experimental

animals. It is very difficult to find very many model infections that are

truly infections in which the characteristic is that for death to occur, small

numbers of innoculated bacteria must multiply to large numbers. There is a
10

tremendous tendency to use models in which one infuses 10 bacteria. That is

about the size of the federal deficit, as I recall.

For example, for small rodents if you exclude the burn model and one

or two species of gram-negative organisms, it is very hard to find one to go

along with the other models that you are studying. One needs to look for

different organisms and ways to make more realistic infection models... -

DR. CONKLIN: One of the major efforts of our program has been the

development of a consistent and reproducible sepsis model. Dr. Walker has been

working on that for a year and a half in the canine. He presented two ..

approaches; one we found very early didn't work well, with injection into the

anti-mesenteric side of the bowel wall. The other was a fibrin clot with the

E. coli in the clot.
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DR. WALKER: Dr. Fink has really been doing all of that work lately.

I just supply bacterial cocktails to him. But you are right; we have been

trying to work with those models to see if we can get something that would be

more akin to a natural type of infection.

The problem that has been bothering me for years is that we take

models and test them with 100 bacteria, and the types of pathogens we are

studying are those that don't affect a normal, healt'y host. What we need to

do is find ways to compromise the host and either put our infection

artificially into it or, alternatively, colonize this host in, his S

gastrointestinal tract and let it develop a more natural type of infection. As

I said yesterday, that is the way I think infections occur in these types of

hosts. We don't have a perfect answer yet, though.

DR. McCABE: I think that does answer it, as we have both said the

same thing. We have to try to develop models that are models of infection

rather than intoxication, and I think we are working toward those.

DR. LLEWELLYN: I strongly agree. I chaired a NATO conference in

Washington in 1980, and it reviewed models that had been used in chemical

warfare research.

It turned out that everybody had a very good rationale for whatever .

kind of rodent, subhuman primate, or other model they used. In fact, they

hadn't the foggiest notion of how one model compared with another, and

generally they had not reviewed the literature to be able to.see that some of

the models that were useful for describing the effect of the agent were of

utterly no use in evaluating the effect of therapy.

So it depends on what you want to use a model for. In some cases,

subhuman primates may, in fact, be the best ones, but you had better have a _ S

rationale for it. Having fought that battle on both sides of the bench, both

to get my protocol supported and then trying to talk other people out of doing

it, I realize it is an extremely difficult sort of thing to do. We need to be

_4
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clear about what we want the model for, and then not take a model that is
useful in one sphere and use it for something else for which it, may be

inappropriate because of different metabolism of drug cr whatever.

DR. BURKE: It seems to me that the only universal model for the

study of humans is, in fact, humans and that is really very awkward because .

there are all kinds of human study problems that are completely insurmountable.

We have got to have an animal model.

What we have. tried to do is have one animal model for everything. S

That clearly does not work. If we. are going to study lymphocytes, we had

better figure out exactly what we want to do and what questions we are going to

ask, and then look for the appropriate model.

The model business is going to continue to be very difficult; the

model may change every time your questions change or your problems change.
Finally, we ought to work very hard at developing systems to reasonably carry

out human studies in an acceptable way, because I think that the most

straightforward information is going to come from these studies rather than

from developing a model that is going to be only an approximation of the

questions asked.

DR. HIRSCH: I totally support that. I think, thouqh, that there are .

two things to address here. What we have heard from the surgical side is that

perhaps there are some new and different technical concepts to be taught to

practicing surgeons. I think it behooves the leadership of this group to

address not only the issues of result but also, if spleens are to be salvaged . 0

in these patients, the no.ed for more education on how to repair spleens. If

the issue is closure of wounds within 24 hours of injury, an effort must be

made to teach surgeons. So it goes for every other type of injury that one can

think of, and that will take time. If it takes 15 years to get corpsmen to

start IV's, it will take surgeons some time to learn huw to change their

provincial thinking.
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I think there have to be two avenues; one is to develop a model that

addresses some of these questions, and if the results look like they are

premising, then an education of these techniques should be started so that the

lag phase is not too long.

DR. NINNEMANN: I would like to partially echo what Dr. Burke just

seid.

An example is the burn work that we have been doing. For certain

things, miniature swine works very well. It is a good resuscitation model. 6

The architecture of its skin is very similar to the human's. Itscardiovascular

system is very similar, and they have similar eating habits to a lot of humans.

I think it is very clear that T-cell function is very important for

the clearance of certain intracellular parasites,.particularly viral and fungal

infections. And the entire immunoregulatory network is a T-cell network. I

think that is important to remember.

If you want to look at T-cell function, the pig is not a good model

to study. You cannot raise a mixed-lymphocyte response, and you cannot

mitogen-stimulate pig cells.

What I am trying to say is this: know what system you are going

after, and make sure the model that you are using to study is appropriate for

looking at that system. You are not going to find a model that is exactly like

a human. No other animal is exactly like a human. So a model that is

appropriate for cardiovascular studies may not be appropriate for immunolgic - __

studies, etc.

DR. KAPLAN: I agree with Dr. Burke that the human is the best model.

Occasionally we do have an opportunity to have human models. One of the

greatest advances in the true scientific care of the burns occurred in Boston,

many years ago, with the Coconut Grove fire. It was very unfortunate, of

course, that the disaster occurred, but fortunate that it occurred in an area

where people like Dr. Moore, Dr. Cope, and others were and gained the

knowledge as well as the care of the patients.

442



I hope that after a disaster such as the Falkland Islands, they can

go back and look at what was done righ.t and also what was done wrong and should 0

be changed next time. I think it is very important, particularly in a

disaster-type situation, to take a close look as it occurs, if possible, to

gain what benefit we can from those events.
*

DR. CONKLIN: Thaiik you. Parenthetically, when we compared our data

a year ago with what Drs. Hirsch and McCabe were doing in the Boston University

Medical Center trauma program, we were very gratified to find that almost every

system that we measured paralleled what they were seeing ir their multitrauma

patients.

I hope that we will see a similar response in the bone marrow

transplant patients. We are looking at similar types of phenomena, and we can

learn a great deal from parallel kinds of eve-its.

T YROID FUNCTION

DR. SANTOS: Have the people who studied this massive trauma, or .

these massive burns, studied thyroid function?

DR. HIRSCH: Ours was normal.

DR. SANTOS: In our irradiated patients, it does go down quite a bit

and it is a low-dose rate. We are wondering if that is playing a role in some

of our sick patients. What about some of your animal studies here?

DR. CONKLIN: We have not yet examined thyroid function, although

there is a proposal to do that.

CATABOLIC ACTIVITY

DR. CONKLIN: Last month in The New England Journal of edicine, Dr.

Cloughs reported some work on a small circulating peptide ,n some of his burn
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patients. Dr. Barachus reported some other observations in the next article * •

with regard to increasing catabolic activity, which goes along the lines that

Dr. Dudrick talked about this morning.

The interesting thing about the Barachus article is that -some of

those events were interdicted with prostaglandin synthetase inhibitors. We

have ignored nutrition totally in terms of therapy. Do any of our cnlleagues

here have some corents?

DR. HIRSCH: I was a little mystified by Dr. Dudricks' lack of a more

in-depth discussion of the enteral route for nutrition, particularly for the

type of patients we are talking about here.

Intravenous hyperalimentation is obviously a very successful modality - •

of therapy, and a lot Gf people are alive today who would not be alive without

it. However, there are a lot of complications with it, and it requires a

rather sophisticated staff and support systems so that things can be prepared

not only to be administered but also to be followed, so that you don't do bad S

things. Industry is coming nearly on a monthly basis with another mixture in

flavor X or flavor Y that is an improvement on the previous mixture.

I think that the GI tract or these patients and for many other .0

traumatized patients is probably the best possible route for alimentation. In

some ways, Dr. Clough proved that in some of the work that he has done. This

polypeptide that he has identified is less active in the 'patients who are

stressed by enteral effect than patients who are stressed by intravenous

effect.

I think another topic for the next of these meetings is the enteral

route of nutrition.
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EA LY EFFECTS OF GAMMA RADIATION ON RAT KIDNEY FUNCTIONS

L.M. Amende, D.L. Kelleher and M.A. Donlon. Armed Forces Radiobiology
Research Institute, Bethesda, MD 20814.

The effects of whole-body gamma radiation (900 rads, 60Co) on rat water

intake and renal function were examined. Water intake, urine volume and

specific gravity, osmolality and urinary protein were monitored during the

first 24 hrs postirradiation (PI). Rats were housed individually in metabolic

cages. Urine was collected hourly for 3 hours, and at 6, 9, 12, and 24 hrs

P1. All data were compared to sham-irradiated animals. Significant increases

in water intake were observed at 2 hrs PI, with maximal increases occurring at

3 hrs. Increased water intake continued for 24 hrs. Urine volume increased

significantly by 3 hrs PI and remained elevated for 24 hrs. Three hours

following irradiation, urine osmolality and specific gravity decreased

significantly; maximal changes occurred at 6 hrs P1. Urine osmolality and -

specific gravity returned to sham-irradiated levels by 24 hrs. Total urinary

protein excretion was significantly greater by 2 hrs in irradiated animals.

The elevated urinary protein continued for 24 hrs (4.05 + 0.144 vs. 2.04 +

0.169 mg protein/24 hrs). These data indicate radiation-induced alterations

in kidney function occur within the first 3 hrs followlnq irradiation.

(L.M.A. is an NRC-AFRRI Fellow).
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SWINE SKIN HISTOLOGIC P:."AME$ES: A MOOEL TO EVALUATE 0
THE EFFECTS OF IRPADIAfI;OG IN VIVO AT THE CELL LEVEL

J.0. Archambeau. Director of Radiation Research, City of Hope National
Medical Center, Duarte, CA 91010.

The erythema, desquamation and nonhealing produced by irradiation serve.

effectively to characterize and compare different radiations and time exposure

schedules. However, they provide little information about the response of m

epidermal and endothelial populations producing these changes. Such data are

lacking and have to be available if the skin is to remain a us2ful in vlvo

test system. This work reviews the histologic paameters of the nonirrad ated

skin and summarizes the epidermal and endothelial population changes produced

by single exposures of 1700, 2300 and 2700 rads.

The epidermal basal cell density is 2031 + 48 basal cells/cm with an-

average cell cycle time of 12.3 + 2.4 days, and a growth fraction of 1.

Following Irradiation there is a nondose dependent linear decrease of basal

cells to about 20% of control by 21 to 25 days. This nadir is followed by a

dose dependent exponential repopulation to control levels by day 28 to 32. -

The average cell cycle time is 13.6 hours; three subpopulations are identified

with Do's of 272, 568, and 1620 rads.

The dermal endothelial population density is 2020 cell/cm within a 0.35 S

mm of the basement membrane, the tritiated thymidine labelling index is 1.5%,

and the mitotic index is 0, indicating a prolonged average cycle time.

Following irradiation the endothelial cell density remains around control

levels until day 28 to 32 when there is an abrupt decrease to 50% of control __ .

at 1700 rads and lower at 2300 and 2700 rads. This population decrease is

accompanied by a second decreare in the epidermal population. No endothelial

repopulation is noted out to 70 days.

The model is suitable for combined studies, however', it is work intensive

requiring a large animal facility. Cost benefit ratios have not been

determined. A fifty kilogram female Yorkshire swine costs about two hundred

dollars wit:' a maintenance charge of five dollars per day. The above work

required 23 animals maintained 13 weeks for the irradiation studies, and 53

animals for 4 weeks in the nonirradiated studies, at a total cost of S33,000

in 1982 dollar-v.
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EFFECTS OF BIOLOGIC, BIOSYNTHETIC DRESSINGS ON WIND
TISSUE MACROKOLECULAR SYNTHESIS

A.J. Banes, 0. Compton, J. Bornhoeft, K. Hicks. A.. Bevin. Department of
Surgery, University of North Carolina, Chapel Hill, NC 27514.

These studies here conducted to compare the effects of biologic (BO),

biosynthetic (BSD), ard synthetic dressings (SD) on tissue generated in full-

thickness skin wounds in rats and guinea pigs. In some experiments, rats

received two 4 cm2 full-thickness skin wounds, one skin removal, the other a

3rd degree burn followed by immediate excision. In other experiments, 4 cm2

wounds were made in the mid-dorsum of 72 rats and a dressing (viable or non-

viable skin; a silastic membrane-covered nylon coated with collagen peptides,

01; a polyurethane film, 02; a hydrogel, 03; or fine mesh gauze, D4,

n=6/goup) was sutured in place. Animals were sacrificed on days 3 and 5

postgraft and portions of the wound bed removed for biochemical analyses. In

a second series, 15 cm2 wounds were made in the dorsal skin of 84 guinea pigs

and dressings placed. Animals (n=3/group) were sacrificed and samples

collected at 1, 2, 3, and 5 weeks pcstgraft. Results of the burn experiment

indicate that viable and nonviable dressings are equally useful as temporary 0

wound dressinqs. The architecture of the wound tissue beneath Bs and SDs is

different; the former is thin and high in collagen content (viable group day

3, x + SD, uq collaqen/mg dry weight 143.3 + 77.9), whereas the latter is

usually thickened, highly cellular, sometimes stratified and richl)

vascularized, and relatively low in collagen content but high in noncollagen

content in the first week after grafting (Di 38.4 + 24.0; D2 33.37 + 15.24; 03

26.07 + 10.93; 04 37.92 + 26.81, for each value compared with the viable group

p<0.01). A similar trend was not,!d for collaqen synthesis as well. Results

of the guinea pin experiments confirmed and extended the original

observations. DNA and protein quantity and synthesis were measured for each

group for up to 5 weeks after graftinq. DNA synthesis for SD gtiups was equal

to or greater than that for the 80 group (autograft), particularly beyond 2

weeks. Total cbllaqen content wAs less in the SD qrouos than that for the Bf 0
groups during the *'rst week, but increased to values equal t,, or greater than

that of autograft by 5 weeks oostqraft.

0
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Conclusions. Wound cells in a full-thickness defect react differently to 0

a 80 vs. a SO. Tissue architecture is different; more tissue is produced in

the wound covered by SOs, but in the first week, less collagen is present. By

3-5 weeks postgraft, the wound tissues beneath SOs are similar biochemically.

Therefore, in comparison to the autograft control, the greatest disparity in 0

wound tissue character induced by SDs occurs within 1-2 weeks and may be

normalized subsequently.

_ 5
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ADRENAL CORTEX RESPONSE TO COBALT-60 GAIHA IRRADIATION-
MORPHONETRIC EVALUATION

G.M. Buchanan. Armed Forces Radiobioloqy Research Institute, Bethesda, MD
20814.

Guinea pigs received a single, bilateral, whole-body dose of 2.00 Gy.

The animals were sacrificed at 2, 3, and 4 days postirradiation and the

adrenals prepared for electron microscopy. The ultrastructure of the cortical

zona fasciculata cells was evaluated by morphometric analysis. A persistent

increase in the mitochondrial area fraction is observed and on day 3 becomes

significant (p <.001). The area fraction of the vacuoles increases initially

(day 2), decreases on day 3, and both organelles return to normal values by

day 4 (Fig. 1). The ratio nf mitochondrial-vacuolar area fractions reveals a

very significant variation on day 3 (p< .001) (Fig. 2).

Conclusions.

1. Electron microscopy is an effective tool for the evaluation of

ultrastructural response to radiation.

2. There is a very specific tissue-dependent, interaction between the

mitochondria and the vacuoles in the adrenal zona fasciculata cells.

3. Mitochondria and the mitochondrial/vacuolar ratio are very sensitive

indicators of gamma radiation exposure.
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ANATOMICAL GLYPHS FOR PATIENT IRA1 .IM AND AU0I I S
IN THE 1W(rENSIVE CARE UNIT

H.R. Champion, W.J. Sacco. S. Fallon, S. Morelli.

The researchers have developed detailed patient triage, tracking and

evaluation of care rationales which combine the Trauma Score, Global Score 6

and the Injury Severity Score. Use of these tools is illuminated and enhanced

by anatomical glyphs, pictorial displays of patient condition. Anatomical

glyphs allow data to be easily interpreted and provide a compact

characterization of patient course and oatient transition as a function nF S

intervention. They are easily computerized. Various combinations of

anatomical glyphs are displayed that can assist the intensive care clinician
to quickly and accurately view patient condition through assessments of

cardiovascular, renal, hepatic, and central nervous systems.
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'EVALUATION OF TRAUMA CARE

H.R. Champion. W.J. Sacco, S. Morelli, M. Golocovsky.

Evaluation of the effectiveness of trauma centers and trauma systems is a

crucial issue in health care system development. This effort has been

hampered by the unavailability of methodologies that accurately control for

patient severity and case mix, differeitces in hospital coding and recording

systems, etc. Here we present the application of a methodology for the

evaluation of emergency trauma care that controls for patient severity,

reliability of the indices, and the match between patient samples. The

methodology incorporates both anatomic and physiologic measures for a qualita-

tive and quantitative system evaluation. The methodology is demonstrated for

intra-hospital trauma evaluation at a Trauma Center and at a Community

Hospital. Display of results allow a hospital to quickly identify patients

whose outcomes appear to be anomalous. Once identified, these cases can be

audited in detail. The methodology is also applicable to pre-hospital and

systems emergency care and can be used to identify trauma system strengths and

weaknesses.

4 5
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THE. ROLE OF THE TRALMA SCORE IN THE TRIAGE OF KASS CASOALTIES 0

H.R. Champion, E.J. Sacco, M. Golocovsky.

Reduction in the time interval between injury and appropriate treatment

has been demonstrated consistently to improve survival following major injury.

Efficient and effective triaging mechanisms can facilitate the triage process.-

However, effective triaging in disaster circumstances is extremely difficult,

due to the large number of casualties involved, exhaustion of nearby hospital

resources, and time/distance factors. Here, the use of Trauma Score for

patients with penetrating or blunt injuries is presented. The Trauma Score, .

was applied to a data set of 3,00(; penetrating and blunt injured patients.

Results show that the Score is a powerful predictor of mortality for both

penetrating and blunt injured patients. A triage decision rule, which

incorporates the Trauma Score, is presented along with a two-step disaster . 0

triage system"
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POSTRADIATION INORW"D INTESTINAL BL0O FLOW BIOCKED BY ANTIHISTAMINES

L.G. Cockerham, T.F. Doyle, M.A. Donlon, and C.J. Gossett-Hagerman. Armed
Forces Radiobiology Research I stitute, Bethesda, MD 20814.

Radiation-induced systemic hypotension is accompanied by increased

Intestinal blood flow (IBF) and an increased hematocrit (HCT) in dogs.

Histamine infusion leads to increased IBF and intestinal edem a with

consequent secretion of fluid into the intestinal lumen. This study was per-

formed to determine whether these effects could be diminished by prior

administration of H1 and H2 histamine blockers. Dogs were given an IV

infusion of mepyramine (0,5 mg/min) and cimetidine (0.25 mg./min) for one hour

before and for one hour after radiation (H1 and H2 blockers, respectively).

Mean systemic arterial blood pressure (MBP), IBF and HCT were monitored for

two hours. Systemic plasma histamine levels were determined simultaneously.

Data obtained indicated that the HI and H2 blockers, given simultaneously,

were successful in blocking the increased IBF and the increased HCT seen after

10 K rads, whole-body, gamma radiation. However, the postradiation

hypotension was unaffected, with the MBP falling to a level 28% below the pre-

radiation level. Also, there was a significant difference between the

preradiation and postradiation histamine levels. These findings implicate

histamine in the radiation-induced increase in ISF and HCT but not for the

gradual decrease in postradiation blood pressure.
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INCREASED URINARY EXCRETION OF HISTAMINE BY RATS
FOLLOWING GAMM RADIATION

M.A. Donlon, E.A. Helgeson, K.T. Lambright, and G.N. Catravas. Armed Forces
Radiobiology Research Institute, Bethesda, MD 20814.

The effects of whole-body gamma radiation (900 rads) from a 60Co source 3 •

on hourly and daily excretion rates of urinary histamine (UH) were monitored

in male (M) and female (F) Sprague-Dwley rats. Animals were housed in

individual metabolic cages. Authentic UH (i.e. diamine oxidase degradable)

histamine was determined for each sample. This was essential due to high non- ,

specific fluorescence in rat urine. UH was measured fluorometrically after

dialysis using a Technicon II antoanalyzer. Data were normalized to percent

of control values obtained for each animal prior to radiation. UH in M and F

urine were 0.58 + 0.10 and 2.01 + 0.18 ug/ml, respectively. M rats excreted .

7.72 + 1.22 ug UH/24 hrs while F rats excreted 27.2 + 1.98 ug UH/24 hrs.

There were no significant differences in urine volume (ml/24 hrs) between M

and F rats. Increased excretion of UH in irradiated animals (F) (compared to

sham-irradiated) was first observed 1 hr after radiation. UH levels continued

to rise with a maximum UH excretion (195.5 + 22.14% of preirradiated control .

levels) at 12 and 24 hrs. UH excretion returned to control levels 3 days

after radiation. UH excretion. in irradiated M rats followed a similar

pattern. These results demonstrate an early radiation-induced increase in

excretion of UH following whole-body gamma radiation which may reflect

alterations in histamine release/metabolism in the irradiated animal.

_5
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NYOCARDIAL SCINTIGRAPHY WITH Tc-99i PYROPHOSPHATE AND
GATED BLOOD POOL HEART FUNCTION STUDIES IN DOGS

AFTER ACUTE IRRADIATION Of THE HEART

A. Ourakovic, J.J. Conklin, R.R. Eng. Armed Forces Radiobiology Research
Institute, Bethesda, MD 20814

Cardiac radiation damage has been described in various animal models as

well as in human studies. Radiation induced heart injury in the experimental

model was first suggested by Hartman in 1927 (1) followed by numerous reports

describing wide tolerances to irradiation (2, 3, 4). More recent reports

suggest acute cardiac morbidity dose is in the lower range (3000-7000 S

roentgens in the dog) than it was previously considered (5, 6).

In this work, we have studied the effect of a single dose of Co-SC

irradiation (3000 and 6000 rad) on heart function and tissue damage by Mi.A

and Tc-99m PYP scintigraphic studies in male beagle dogs. Two groups of 3

beagle dogs were irradiated bilaterally with a single dose of cobalt-60

irradiation confined to the heart. The midline tissue dese rate was 57

rad/minute. Three dogs with isoproterenol induced myocardial infarct served

as a model for the infarct-avid study.

Baseline Tc-99m pyrophosphate and cardiac function (MUGA) studies were

obtained prior to the administration of isoproterenol or radiation. MUGA

studies were performed on irradiated animals on day 3, 9, and 22 after

irradiation and PYP studies on day 1, 6, and 8 after irradiation. The animals

with isoproterenol induced heart damage received MUGA studies on day 2 and 7

and PYP studies on day 4 and 9 after drug administration. Control animals

were sacrificed at parallel time intervals. S .

All animals were sacrificed intravenous administration of euthanizing

agent (T-61). The heart was dissected out of toe thoracic cavity; and tissue

samples of the left and right ventricle, aoex, septum, left and right atrium, 0

left and right auricle, papillary muscle, aorta, pulmonary artery, and left

and right lungs, were obtained and counted in a LKB Ultrogamma well counter.

Statistical analysis was performed, and Tc-99m activity was expressed as a

percent dose per gram of the tissue with a standard error of the mean.

Electrocardiographic recordings were obtained on each animal during heart
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function (MUGA) studies. All tissue samples were analyzed by S

histopathological examination.

The results demonstrate scintigraphic evidence of diffuse myocrdial

damage in isoproterenol injected dogs, as observed by the intensity of the

uptake of 4/4+, on day 4 after isoproterenol administration. The study was
negative on day 1 and day 8. Ejection fraction did not change significantly

from the baseline values during 3 post-isoproterenol intervals.

0 4

ECG studies of isoproterenol treated dogs demonstrate acute myocardial

damage on day 4 corresponding to the positive Tc-99m PYP scan. ECG data

demonstrate chronic post-necrotic changes on day 8 after isoproterenol

injection. Histopathological examination of the heart in the . . --

isoproterenol group demonstrates disseminated foci of myocardial necrosis with

fibroplasia and inflammatory infiltrates. The tissue samples of different

segments of the hearts of irradiated dogs showed no evidence of elevated Tc-

99m PYP uptake in either the 3000 or 6000 rad group. Scintigraphic studies

demonstrate no difference in the myocardial images between baseline and post- 

irradiation studies. Gated blood pool studies (MUGA) demonstrated no

difference between the baseline (LVEF - 43.0 + 4.2) and the 3000 rad group on

either day 3 (LFEV = 49.7 + 0.3) or day 22 (LFEV = 52.5 + 13.5) post-

irradiation. In the 6000 rad group there was no difference in LVEF between .

baseline (51.3 + 1.7) and irradiated group (46.3 + 1.8), 9. days post

irradiation.

Our results indicate that radiation induced changes in the heart of a dog
irradiated with 3000 and 6000 rad include minimal to mild multifocal cardiac

and pulmonary perivasculitis without necrotic changes by the histological

examination. There was no evidence of radiation induced heart damage by

either gated acauision heart studies, or by Tc-99m pyrophosphate scintigraphic _

studies in dogs in the early time periods after irradiation.
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EFFECT OF WHOLE-BODY IRRADIATION WITH PHOTONS AND FISSION 6
NEUTRONS ON THE ORGAN DISTRIBUTION OF Ga-67 IN ThE RAT

A. Durakovic, R.R. Eng, and J.J. Conklin. Armed Forces Radiobiology
Research Institute, Bethesda, MD 20814

-The retention of gallium-67 (Ga-67) has been reported to be significantly •

decreased after acute whole-body irradiation. Swartzendruber and Hubner

(Radiat. Res. 55 457-468, 1973) have observed this finding in mice and

associated it with the radiation damage to the synthetic sites of a carrier

molecule for Ga-67, in the cellular organelles such as lysosomes. Subsequent -

reports confirmed the finding of reduced whole-body retention of Ga-67 after

irradiation in the rat, explaining it by an alteration in serum binding of Ga-

67 after a single dose whole-body photon irradiation of 720 R. Bradley,. et

al, (J. Nuc. Med. 20 244-247, 1979) studied radiation effects on the .... ..

distribution of Ga-67 in the rat and reported decreased tissue uptake of Ga-67

after irradiation. They postulated the association of radiation induced

gallium decrease in the rat with increased serum iron levels and reduced

unsaturated iron binding capacity resulting in decreased tissue uptake and

increased urinary excretion of Ga-67. 0

In the present work we have studied the effect of a single dose whole-

body irradiation with cobalt-60 (Co-60) and fission neutrons on the Ga-67

distribution in different organs of the rat at various intervals after _

irradiation. All experiments were performed on the female Sprague Dawley rats

(250 g) maintained on a normal rat feed and water ad libitum.

Each of three groups of animals was irradiated with a specific dose of

Co-60 photons (2, 4, and 6 Gy) at 0.4 Gy/min. Three other groups received

whole-body fission neutron irradiation at 2, 4, and 6 Gy (Mark F TRIGA

reactor). Irradiated animals were injected with 1.11 MBq Ga-67 citrate on the

day of irradiation and 6, 14, 22, and 30 days after irradiation. Animals were _

sacrificed 48 hrs after Ga-67 administration; and the concentration of Ga-67

was determined in the blood, lung, heart, liver, spleen, kidney, adrenal,

stomach, small and large intestine, ovaries, uterus, lymph nodes (right and

left popiiteal, lumbar, and mediastinal) thymus, muscle, femur, and brain..

The tissue samples were counted in a LKB Ultrogamma well counter. The results

are expressed as percent dose Ga-67 per gram of tissue with a standard error
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of the mean. Each time point of the experimental groups consisted of 5

animals. A group of five nonirradiated control animals was sacrificed hv

halothane anesthesia together with irradiated animals at each time interval

and the distribution of Ga-67 was obtained in the same organs.

Our data demonstrate that whole-body photon radiation had little effect

on the Ga-67 concentration in the examined organs on most of the experimental

time intervals. Gallium concentration in the control animals was highest in

the bone, followed by the liver, spleen, kidney, lymph nodes, and stomach. The .

lowest concentration of Ga-67 was observed in the brain, heart, and skeletal 0

muscle. Most of the tissues were not affected in their Ga-67 uptake by either

photon or neutron irradiation. The exceptions of significant decrease of Ga-

67 were observed in the liver (2 and 4 Gy) on day 2 (6 Gy) on days 8, 16, and

24 after Co-60 irradiation (p<O.05), lung (6 Gy) 24 days, spleen (6 Gy) 32

days, stomach (4 Gy) 2 and 16 days, small and large intestine (6 Gy) 16 and 24

days post irradiation (p<O.05). An increase in Ga-67 uptake was observed in

the mediastinal (6 Gy) 16 and 24 days, popliteal (6 Gy) 24 days and lumbar

lymph nodes (4 and 6 Gy) 2, 6, and 24 days post-irradiation (p<0.05).

Neutron irradiated animals demonstrated no consistent differences in Ga-

67 uptake when compared to the controls. The exceptions of lower Ga-67 uptake

were noted in the lung (2 and 4 Gy) 16 and 24 days, stomach (4 Gy) 8 days,

small and large intestines (2, 4, and 6 Gy) 2, 16, and 24 days, thymus (2, 4,

and 6 Gy) 2 and 32 days, spleen (4 Gy) 8 days post-irradiation (p<O.05).

Increased Ga-67 uptake was observed in popliteal lymph nodes (2, 4, and 6 Gy)

2, 16, and 32 days post-irradiation (p<O.05), lumbar (2 Gy) 16 days and

mediastinal lymph nodes (4 Gy) 2 and 16 days post-irradiation (p<O.05). -

These results demonstrate that Ga-67 distribution and quantitative tissue

uptake are not consistently altered after photon or neutron irradiation at the

doses of 2, 4, and 6 Gy in the 5 time intervals after irradiation. Our data - -

indicate that pronounced decrease of Ga-67 in the tissue which has been

described within 24 hours after irradiation (Fletcher, et al, 1975 Radiology

117 709-712, 1975) is not present at the radiation levels and the time

intervals of our experiments...
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Different authors have observed a sigrificant decrease of Ga-67 tissue .

uptake after acute whole-body irradiation. Discussion of the mechanisms of"

gallium decrease postulated the radiation effect on specific cellular

organelles and synthetic sites of gallium carrier molecules (Schwartzendruber '- .
et al. 1973 Radiat. Res. 55 457-468, 1973). In our studies, neither Co-60 nor

neutron irradiation produced a consistent alteration in gallium tissueuptake.

This could be due to our longer experimental intervals after irradiation,

compared to other studies where radiation effect on decrease of gallium uptake

was observed. Our observations based on 48 hours uptake of Ga-57 at different

time intervals after Co-60 or fission neutron irradiation suggest a

possibility of the restitution of gallium uptake and transport mechanisms,

known tc be altered by acute whole-body irradiation.

Research was conducted according to the orineiples enuciated in the. -

"Guide for the Care and Use of Laboratory Animals", prepared by the ---

Institute of Laboratory Animal Resources, National Research Council.
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DIFFERENCES IN POPLITEAL NODAL UPTAKE OF Tc-99m ANTIU TRISULFIDE
COLLOID AFTER COBALT-60 AND FISSION NEUTRON IRDIATION • S

R.R. Eng, A. Durakovic, V. James, and 3.J. Conklin. Armed Forces Radioblclogy
Research Institute, Bethesda, MO 20814

Radiolabeled colloid (technetium-99m antimony trisulfide, Tc-99m ASC) has

been used extensively for the clinical assessment of internal mammary lyph •

nede Involvement in patients with breast carcinomas 'lnt J Rad Oncol Biol Phys

2:755-761, 1577). In this study the effects of cobalt-60 (Co-60) and fission

neutron irradiation (whole-body) on the ability of popliteal lymph nodes to

retain TC-99m ASC were evaluated in male Spragu- Dawley rats. Three groups of S S

rats irradiated with different dosing schedules (6 Gy and 10 Gy Co-60 (0.4

Gy/min) and 6 Gy (0.4 Gy/min) fission neutrons) were studies at various time

intervals ranging from day 0 to day 14 postirradiation.

*P 0

In 1966 Dettman found that by usinq local irradiation (250 Kv x-ray) to

the right popliteal lymph node, nodal distribution of Au-198 colloid in dogs

was not significantly different from that of control values at doses 2000,

4000, and 10,000 R (Amer J Roent Pad Ther Nucl Med 96:711-718, 1966). Barrow

noted that 800 R whole-body x-irradiation of rabbits did not interfere with

Au-198 colloid uptake in reticuloendothelial cells (Amer J Physiol 164:822-

831, 1951). In our study by injecting a different radiocolloid (0.55 MBq

technetium-99m antimony sulfide colloid, Tc-99m ASC) via the footpad and using

whole-body irradiation on rats, we observed a significant increase in nodal 0

uptake of Tc-99m ASC after 6 Gy of Co-60 irradiation. Two to 14 days after
the rats were irradiated with Co-60 (6 Gy, 0.4 Gy/min), uptake values of Tc-
99m ASC by the left pooliteal (LP) nodes (0.94 + 0.16 to 1.81 + 0.31 % dose/mg

of node, ,?n + STD error) and the right oopliteal (RP) nodes 0.82 + 0.09 to P S

1.31 + 0.35) increased significantly (P<0.05) as compared to the mean control

values (LP = 0.38 + 0.04, RP = 0.47 + 0.13). For the 10 Gy Co-60 irradiated

group of rats, the !eft nodal uptake values for Tc-99m A."C (0.79 + 0.12) were

significantly higher compared to the mean control value (0.31 + 0.09) for only

day 8 and not before (P<0.05). Nodal uptake values for the 6 Gy fissior

neutron group were not significantly different from the nean control values

(P<0.05). Most of the mean oopliteal nodal weights for tbe Co-60 irradiated

rat5 xere not significantly different from control values (P<0.05), but for .

the neutron irradiated group the mean nodal weight o , the left popliteals on
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day 2 (5.0 + 2.8 mg) and day 4 (3.0 + 1.7 mg) postirradiation were

significantly less compared to the mean control value (14.5 + 7.71 mg,

P<0.05).

The results indicate that Tc-99m ASC lymph node uptake was significantly 6

increased in rats exposed to a lower dose of Co-60 (6 Gy) than in rats exposed

to 10 Gy Co-60. In addition, fission neutron irradiation did not

significantly alter the nodal uptake of Tc-99m ASC as compared to normal

values. Sinha reported that after local irradiation of the popliteal nodal - S

region of male Wistar rats with exposure doses of up to 20 Gy (250 Kv x-ray),

phagocytic function of reticuloendothelial cells was still active although

there was marked degeneration of lymphoid cells. Further examination of the

lymph nodes revealed interstitial edema and widely dilated sinusoids (Cancer

26:1239-1244, 1970). The radiation in our study, may be attributed to changes

in macrophage phagocytic activity and/or structural alteration of the

popliteal lynph nodes.

4

0

S

-9

464

S



SUBLETH HEMORRHAE IMPAIRS THE PERITONEAL. IWAMATORY
RESPONSE IN THE RAT

M.P. Fink, W.M. Gardiner, L.J. Baklarz. Naval Medical Research Institute,
Bethesda, MD 20814.

The purpose of this study was to elucidate changes "a the peritoneal

inflammatory response to bacterial contamination after Hemorrhagic Shock (HS).

Rats were subjected to an LD10 HS procedure consisting of 90 min of shock

induced by withdrawing .03 ml of blood/qm body wt. Following reinfusion of

the shed blood, 109 live E. coli were injected intraperitoneally. Animals

were observed for mortality or killed at various times after injection of

bacteria and peritoneal lavage performed. Sham Hemorrhaged I.H) rats served

as controls. Mortality was 11% in the SH group compared with 67% in the HS

group (p<.05). Immediately after innoculation of bacteria, the total number

of leukocytes (expressed as cells x 106 /ml) in lavage fluid (LF-WBC) was

similar in both groups (SH:1.81 + 0 i4- HS:1.77 + 0.15). LF-WBC was higher in

the control group at 3 hrs (SH:3.1. + 0.29; HS:2.08 + 0.27; p<0.05) and 5 hrs

(SH:3.53 + C-38; HS:1.33 + 0.3,; (p<.01) after the innoculation of bacteria.

The number of polymorphonuclear leukocytes in lavage fluid was slightly higher

in the controls at 3 hrs (SH:1.85 + 34; HS:1.51 + .56; p>.05) and

significantly higher at 5 hrs (SH:2.82 + .37; HS:1.02 + .22; p<.01). There

was no significant difference between the qroups in the total number of cir-

culating 'e-kocytes at 0 hrs (SH:7.60 + 1.36; HS:7.93 + 1.52),' 3 hrs (SH:7.35
+1.42; HS:6.12 + 1.21), or 5 hrs (SH:4.31 + .55; HS:4.29 + .93). We conclude

that HS impairs the migration of leukocytes into the peritoneal cavity of rats

in response to bacterial contamination.
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EFFECT OF SUBLETHAL IONIZING RADIATION ON MJRINE
PEYER' S PATCH LYMPHOCYTES

M.L. Hale and K.F. McCarthy. Armed Forces Radiobiology Research Institute,
Bethesda, MD 20814.

After sublethal doses of ionizing radiation, murine Peyer's Patches

lymphocytes regenerated significantly more slowly than lymphocytes from

spleen, thymus, and peripheral lymph nodes. Lona Evans rats were exposed to

150 rads (40 rads/min) of whole-body irradiation from a Cobalt-60, gamma-

emitting source. On days 1-20 postirradiation, single-cell suspensions of -

lymphocytes from thymus, spleen, peripheral lymph nodes, and Peyer's Patches

were stained with monoclonal antibody reaqents to detect la-positive cells,

nonhelper T-cells, and helper T-cells. Cells were then counterstained with

Texas Red conjugated anti-mouse IgG and were also stained with fluorescein

diacetate to determine the viability of lymphocytes. The percentages of 6

viable lymphocyte ponulations were analyzed using a dual-laser, fluorescence-

activated cell sorter (Becton-Dickinson FACS-II). We observed that viable

lymphocyte populations in thymus, spleen, and peripheral lymph nodes 1from

irradiated animals returned to normal (nonirradlated control animals) levels

3-7 days postirradiation, while viable lymphocyte populations in Peyer's

Patches from irradiated animals remained suppressed up to.20 days Pl. These

results suqgest that either the lymphocytes or, more likely, the.

microenvironment of Peyer's Patches is more greatly damaged by ionizing __ ..

radiation than that observed in other lymphoid tissue.
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THE PATHOGENESIS OF EXPERIMENTAL CNS RADIATION INJURY AND ITS 0
RELATIONSHIP TO °METHOTREXATE ENCEPHALOPATHY=

J.M. Henry, A.N. Martins, R.E. Severance, T.F. Doyle. 10th Medical Laboratory

Landstuhl, Germany.

Eighteen male rhesus nonkeys received 1800 rads to the whole brain within

8.5 minutes. Nine of the monkeys received prophylactic intramuscular dexa-

methasone beginning 1.5 days prior to radiation and continuing on a daily

basis for a total of 12 days. Twelve animals were perfused with Karnovski's

solution; 5 of these animals also received intravenous horseradish peroxidase

while most of the animals received intravenous Evan's blue prior to sacrifice.

A triad of white matter lesions emerged including: (1) widespread, patchy

edema and secondary demyelination, (2) focal necrosis, (3) focal hemorrhage.

The Evan's blue dye and horseradish peroxidase marker documented abnormalities

of vascular permeability related to primary injury of the endothelial cells.

We also observed evidence of extensive axonal damage, reflected by the

presence of calcified axonal bodies were remarkably similar to those described

in human "methotrexate encephalopathy". Conclusions: (1) dexamethasone does

not protect the CNS from delayed radiation injury, (2) the endothelial cell 0

represents the primary tarqet of radiation injury, (3) the morphologic changes

are similar, if not identical to those described interalia as "methotrexate

encephalopathy".

0
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PHENOTYPIC CHANGES IN LYWHOCYTE SUBSETS IN THE FIRST WEEK
AFTER SEVERE MULTIPLE TRAUMA

E.M. Levy, S. Alharbi, B. Weiblen, G. Grindlinger. and P.H. Black.
Departments of Microbiology, Surgery, and the Naval Blood Research Laboratory,
Boston University Medical Center, Boston, MA.

Studies in our laboratory have confirmed that peripheral blood lympho-

cytes from multiple trauma victims respond poorly to the mitogen phytohemag-

glutinin in the first days following trauma. Patients with head injuries have

been excluded from this analysis as they (3/3) appear to have normal

responses. The average response of the remaininq 10 patients, who had all

been hospitalized in the surgical intensive care unit at Boston City Hospital,

was 26 + 6% compared to normal control responses measured in the same assay.

Patient cells were also evaluated for their distribution within 0

lymphocyte subsets using monoclonal antibodies. All patients were studied for

the distribution of T4 (helper/inducer) cells, T8 (suppressor/cytotoxic)

cells, and T1l (a pan-T cell marker which recognizes the 'sheet red cell

receptor and is also present on a subponulation of NK cells). It was found

that the average value for the patient T4 population was 31 ± 4% positive,

compared to 52 + 4% for the controls. This represents a highly significant

decrease. In contrast, the percentage of T8 positive cells did not differ

significantly from normals. The average patient value for T8 was 20 + 4%

compared to 22 + 2% for normals. As a result of the decrease in T4 cells an

imbalance in the T4/T8 ratio was observed. The patient T4/T8 ratio was

1.7 + .3 compared to a control value of 2.7 + .3. The pateint T4/T8 ratio was

calculated excluding one patient whose T4 was 16% and T8 was 1%. The value

for T11 was also low (53 + 6% for patients compared with 78 + 8% for

controls). These results have certain parallels to those reported for the

AIDS patients.

.. 0

To determine the phenotype of the cells which were in one sense replacing

the patients T4 cells, the panel of antisera used to study cells was expanded

to include markeis for B cells (B-i), NK cells (leu-7), immature lymphocytes

and activated T cells (TIO), and 1-2 (a DR determinant found on B cells and

activated T cells). Preliminary results indicate none of the suhpopulations

defined by these markers are elevated in trauma victims. The data therefore
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indicate that these patients have a relative increase in the population of S

null cells. The lack of increased TIO or 1-2 expression further suggests that

the increase of null cells is not a result of an influx of immature cells, nor -

a predictable result of cell activation. While these results are intriguing,

it should be mentioned that these changes in phenotypic expression do not seem

to correlate with immunocompetence as measured by the ability to respond to

PHA, nor with the development of sepsis. These findings may offer new in-

sights into underlying mechanisms whereby the immune system is compromised in

trauma patients.

9 -- .
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THE EFFECT OF GANMA RADIATION ON MAST CELLS IN VITRO S

D.E. McClain, M.A. Donlon. G.N. Catravas. and L. May. Armed Forces
Radiobiology Research Institute, Biochemistry Department, Bethesda, MD 20814;
and Department of Chemistry, Catholic University of America, Washington, DC
20064.

As the initial step in examining the effects of radiation on the

secretory response, we studied the effects of gamma radiation on histamine

release (HR) in the rat peritoneal mast cell (RPMC). Radiation damage was

monitored by measurement of spontaneous HR, trypan blue exclusion, membrane

lipid fluidity, and the response to the HR agent, cpd. 48/80. Purified RPMC

suspensions were exposed to a range of gamma (6 0Co) radiation up to 1000 Gy at

40C. Spontaneous HR during irradiation was only slightly higher than that of

controls. However, the HR response stimulated the cpd. 48/80 was inhibited in

irradiated cells. Above 50 Gy, cells exposed to 1.0 ug/ml cpd. 48/80 for 5

min at 370C showed a dose related .inhibition of HR which diminished to

5.0 + 0.5% at 1000 Gy (controls: 49.0 + 1.1%). The decreased response in

irradiated cells does not appear to be related to a loss of cell viability.

Membrane fluidity was measured in irradiated RPMC usinq 16-doxyl stearic acid,

a lipid spin-label probe. No significant changes in EPR parameters were

observed over the radiation dose range, compared to controls. The. data

demonstrate that gamma radiation (to 1000 Gy) does not induce spontaneous HR

in vitro. Radiation above 50 Gy inhibits cpd. 48/80 HR. This phenomenon does •

not appear to be correlated with changes in cell viability or membrane

fluidity.
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PRELIMINARY STUDIES ON THE EFFECTS OF GLUCAN-P AND GLUCAN-F S
ON CANINE HEMOPOIESIS

M. Patchen, T. MacVittie, and H. Gelston, Jr. Experimental Hematology
Department, Armed Forces Radiobiology Research Institute, Bethesda, MD 20814.

Glucan is a B-1,3 polyglucose isolated from the inner cell wall of the

yeast Saccharomyces cervisiae. It is a potent immunologic and hemopoietic

modulator. We have previously shown that both particulate (glucan-P) and

soluble (glucan-F) glucans enhance hemopoiesis in normal and in

hemopoietically depressed mice. Recently, it was decided to assay the hemo-

poietic effects of glucan in a more clinically relevant model--the canine.

Normal female beagles were intraperitoneally administered either 7.5 or 30.0

mg of glucan-P per kg of body weight. One, 2, 3, 4, 7, 10, 14, 17, 21, 28,

35, and' 42 days later, peripheral white blood cellularity (RBC), and platelet

counts were performed. In addition, the numbers of granulocyte-macrophage S

(GM-CFC) and erythroid (CFU-e) progenitor cells per 105 nucleated bone marrow

cells were determined by in vitro culture assays. One day post-treatment,

p~ripheral blood WBC counts peaked with the greater response being elicited by

the higher glucan dose (250% of baseline values). This initial response sub-

sided by day 3; however, a smaller secondary increase in WOC numbers was

observed between days 4 and 21 post-treatment. In the bone marrow, granulo-

cyte and macrophage progenitor cell (GM-CFC) numbers also initially increased

(peak on day 2 post-treatment). The GM-CFC increase, however, was followed by

a decrease in GM-CFC numbers that fell below baseline values. Peripheral

blood RBC counts did not deviate from baseline values until day 7 post-

treatment. At this time, RBC counts fell only slightly below baseline values

and remained decreased until 28 days post-treatment (maximum decrease of 20%).

Contrary to peripheral blood RBC counts, bone marrow erythroid progenitor

cells (CFU-e) initially decreased in numbers from days 1-10 post-treatment.

This decrease was followed on days 21 and 28 post-treatment by a significant

overshoot of baseline values. Similar to the response observed with bone

marrow CFU-e, peripheral blood platelets also decreased in number (10%-40%

decrease on days 1-4 post-treatment), followed by an overshoot of baseline

values. All cellular responses elicited by glucan-P were temporary and had

completely returned to normal baseline levels by 5 weeks post-treatment. In

addition to these cellular hemopoietic responses, the appearance of C-Reactive . 5 .

Protein (C-RP, an acute-phase reartant) was measured in the serum of
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glucan-P-treated dogs. C-RP peaked on day 1, fell sharply by day 4, and then

gradually continued to decrease. Baseline values were not obtained until 28

days post-treatment. These results will be compared to the hemopoietic

responses we are currently eliciting in canines with glucan-F treatment.
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POSTRADIATION PLASMA GLUCSE VARIATIONS

S.A. Simpson, L.G. Cockerham, T.F. Doyle, C.J. Gossett-Hagerman. Physiology
Department, Armed Forces Radiobiology Research Institute, Bethesda, MD 20814.

Radiation-induced hypotension in the canine is accompanied by increased

intestinal submucosal blood flow and increased hematocrit. This study was 0

performed in order to correlate this radiation-induced hypotension with plasma

glucose levels following radiation. The glucose levels were monitored in the

systemic arterial circulation at the level of the abdominal aorta and in the

hepatic portal, vein before and after radiation. Plasma glucose was determined

on a Beckman Glucose Analyzer which employs the enzymatic reaction of s-D-

glucose and oxygen. Concurrent with postradiation hypotension, we measured a

distinct decrease in plasma glucose in both the systemic arterial circulation

and in the hepatic portal vein. This decrease showed a significant decrease

at approximately 20 minutes postradiation and continued for the 60-minute

interval of measurement. When control mean blood pressure and plasma glucose

data were tested for correlation using glucose levels from both the aortic

plasma and hepatic portal vein plasma, there was no correlation between blood

pressure and glucose levels (r = -0.393 and 0.133, respectively). However, 7

when the same test was performed using data from the radiated animals, a

distinct correlation was noted between systemic mean blood pressure and aortic

plasma glucose levels (r = 0.97S) and also between systemic mean blood A

pressure and portal vein plasma glucose levels (r = 0.983). These correlation .

coefficients lead us to conclude that these two physiological parameters may

be interrelated. Likewise, the significant difference (p = 0.05) between

control and radiated animals leads us to conclude that radiation is somehow

resoonsible for the positive correlation... .
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GENETIC DIFFERENCES IN THE MAGNITUDE OF ACUTE PHASE *
SER14 AMYLOID P AND A (SAP, SAA) RESPONSES OF NICE TO ENDOTOXIN

J.O. Sipe, R.D. Sisson and A.S. Cohen. Boston University School of Medicine,

Boston, MA 02118.

Macrophages appear to play a role in the acute phase elevation of murine

serum amyloid P (SAP) concentration as well as in that of serum amyloid A

(SAA), when responder and nonresponder C3H mice are injected with protein de-

pleted lipopolysaccharide (LPS) (Ann NY Acad Sci 389, 137, 1982). In this

study we compared the pattern of acute phase increases in SAP and SAA in 11

strains to determine whether there is a direct, correlation between acute phase

increases in SAP and SM. Groups of 6 female mice, 9 to 12 weeks old, were

injected i.p. with 1 ug of E. coli LPS K235 (ph) and serum was obtained 24

hours later. Normal controls were untreated. SAA and SAP concentrations were -

measured by radioimmunoassay and analyzed by the Student t test. There was no

direct correlation between the geometric means of SAP and SA responses

(p <.001). Three categories of SA responders were defined by comparing the

geometric means of normal and acute phase SA concentrations.

SA (ug/ml) SAP (ug/ml)
Strain Normal Acute Phase Normal Acute Phase

Balb/cJ 2 161 32 72
A/J 3 95 30 55
CBA/J High 1 88 20 57
SJL/J 1 76 13 62
DBA/J 1 47 41 89
AKR/J 1 26 22 94
C3H/HeCR Medium 1 24 36 55
C57/81/GJ 5 24 17 38
CD-i/CR .1 14 22 79
SWR/J 1 12 15 45
C3H,'HeJ Low 1 4 21 30

When the differences among ne strains were analyzed by Scheffe's test,

the acute phase SAA concentration of 5 strains designated high responders was

significantly different from the low responder C3H/HeJ mice (p<.O01). Those

strains for which there are no significant differences between either high or

low are designated medium responders. However, the highest SAA responder

Balb/cJ was also significantly different from the two medium resporders CD-

1/CR and SWR/J, (p<.O01). The acute phase ccncentration of SAP in C3H/HeJ
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mice was the lowest of the 11 strains, and was significantly lower than 3 high

SAA responsders DBA/J, Balb/cJ, and SJL/J, and 2 medium SAA responder- AKR/J

and CD-1/CR(p<.01).

We conclude that the magnitude of acute phase SAA and SAP elevations is

controlled both by the host and by the dose of inflammatory stimulus, and that 6

the mechanisms of SAA and SAP elevations are in part dissociable. Th. is

further supported by the observation that BCG infected C3H/HeCR mice exhibited

a much greater SAA response to I ug LPS than could be achieved with as much as
100 ug of LPS in uninfected mice. 6
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